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USE IN LIFE SUPPORT DEVICES FOR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 


SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON 
Microelectronics. As used herein: 


1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support 
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason- 
or sustain life, and whose failure to perform, when proper- ably be expected to cause the failure of the life support 
ly used in accordance with instructions for use provided device or system, or to affect its safety or effectiveness. 


with the product, can be reasonably expected to result in 
significant injury to the user. 
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INTRODUCTION 


For many years SGS-THOMSON has been amongst the formost innovators in power 
transistor technology for switching applications. This is well evidenced by the high 
current and voltage range, the range of isolated packages and by data sheets that fit 
designers’ needs. 


The databook presents the bipolar transistors, both standard and easy-to-drive (ETD), 
Power MOSFETs, IGBTs and fast recovery power diodes that are avaiable in ISOTOP 
and TRANSPACK(TO-240) power modules. 


The databook features: 


TRANSISTORS - with and without free-wheeling diode, 
DARLINGTONS - with and without free-wheeling diode, 
HALF-BRIDGE configurations with free-wheeling diode 
POWER MOSFETs 

IGBTs with free-wheeling diode 

and an associated range of very fast recovery power 
RECTIFIER DIODES in the ISOTOP package. 


From the wide choice of current, voltage and power dissipation presented in this 
databook, it is possible to select the optimum device for all power control designs for 
industrial, computer and telecom applications. 


The large investment that has been made in manufacturing these devices ensures the 
best service together with an excellent quality level, making them indispensible for all 
power conirol applications. 
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ALPHANUMERICAL INDEX 


IRFK6H350 TSD2M350 
IRFK6H450 TSD2M450 
SGS25DA080D TSD4M150 
SGS25DB070D TSD4M151 
SGS25DB080D TSD4M250 
SGS30DA060D TSD4M251 
SGS30DA070D TSD4M350 
SGS30DB040D TSD4M351 
SGS30DB045D TSD4M450 
SGS30MA050D1 ... TSD4M451 
SGS35DB070D TSD5MG40 
SGS35DB080D TSD20N100 
SGS35MA050D1 ... TSD22N80 
SGS40TA045 TSD40N50D 
SGS40TA045D TSD180N10 
SGS50DA045D TSD200N05 
SGS50DA080D TSD250N05 
SGS50DB040D TSG25N100D 
SGS50DB045D TSGSONSOD 
SGS60DA070D 

SGS80DA020D 

SGS100DA020D .... DIODES 
SGS100MA010D1 

SGS150DA020D .... BYT230P! 200-400 
SGS150MA010D1 .. BYT230PI 600/800 . 
SGS250DA013D.... BYT230PI 1000.... 
STF4045A BYT230PI 1200.... 
STF4045D BYT261PI 200-> 400 
STF6045A BYT261PI 600/800 . 
STF6045D BYT261PI 1000.... 
STF8045A BYV54 50-200... 
STF8045D BYV255 50->200 .. 


BUF460 
BUF460A 
BUF460D 
BUF824 
BUF832 


BUT230 
BUT232 


BUV298A 


ESM2012D 
ESM2030D 
ESM3030D 
ESM3045A 
ESM3045D 
ESM4045A 
ESM4045D 
ESM5045D 
ESM6045A 
ESM6045D 
ESM7545D 
ESMT5070D 
IRFK4H150 
IRFK4H250 
IRFK4H450 
IRFK6H150 
IRFK6H250 
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PRODUCT GUIDE 


ALPHABETICAL LIST OF SYMBOLS 


CpB Parasitic capacitance between drain and body 
CCBO Collector-base capacitance (emitter open to a.c. and d.c.) 
Cps Parasitic capacitance between drain and source 
Cap Parasitic capacitance between gate and drain 
Cas Parasitic capacitance between gate and source 
Ciss Input capacitance 
Coss Output capacitance 
Crss Reverse transfer capacitance 
D.U.T. Device under test 
Es/b Second breakdown energy (with base-emitter junction reverse biased) 
f Frequency 
iY Transition frequency 
Ofe Forward transconductance for IGBT 
Gfs Forward transconductance for POWER MOS 
hFE Common emitter static current gain 
Ip Base current 
IB Turn-on current base current 
lB2 Turn-off current base current 
IBM Base peak current 
Ic Collector current 
ICBO Collector cut-off current with emitter open 
ICEO Collector cut-off current with base open 
ICER Collector cut-off current with specified resistance between emitter and base 
ICES Collector cut-off current with emitter short-circuited to base 
ICEV Collector cut-off current with specified reverse voltage between emitter and base 
ICEX Collector cut-off current with specified circuit between emitter and base 
ICM Collector peak current 
ICRMS RMS collector current 
ID Drain current 
IDLM Drain peak current, inductive load 
IDM Drain peak current 
Ipss Zero gate voltage drain current 
le Emitter current 
lEBO Emitter cut-off current with collector open 
IF Rectifier continuous DC forward current 
IFM Diode peak forward current 
IG Gate current 
Iaes (Iaps) | Gate-body leakage current with coll-emitt short circuited for IGBT 
lass Gate-body leakage current with drain short circuited to source 
IN Nominal current 
IR Continuous DC reverse current for a diode 
IRM Peak reverse current for a diode 
Is/b Second breakdown collector current (with base-emitter junction forward biased) 
Isp Source-drain diode current 
ISDM Source-drain diode peak current 
L Load inductance of a specified circuit 
Ptot Total power dissipation 
Pw Pulse width 
Qrr Reverse recovery charge 
RBB Base dropping resistance 
RBE Resistance between base and emitter 
Rec Collector dropping resistance 
RDS\(on) Static drain-source on resistance 
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REE 


Rth 
Rth j-case 
Rth-jamb 

t 
te 

td 

ta(oft) 
td(on) 
tf 

toff 

ton 

tp 

tr 
tr(off) 

trr 

ts 

tIRM 
Tamb 
Tease 


V(BR) CER 
V(BR) CES 


V(BR) CEV 


V(BR) CEX 
V(BR) EBO 
V(BR)DSS 
VcB 
VcBOo 
Vcc 
VCE 
VCE(sat) 
VCEK 
VCEO 
VCEO(sus) 
VCER 
VCER(sus) 
VCES 
VCEV 
VCEV(sus) 


ALPHABETICAL LIST OF SYMBOLS 


Emitter dropping resistance 

Gate series resistance 

Gate-emitter resistance 

Gate-source resistance 

Generator internal resistance 

Load resistance 

Series resistance 

Thermal resistance 

Thermal resistance junction-case 

Thermal resistance junction-to-ambient 

Time 

Crossover time 

Delay time 

Turn-off delay time 

Turn-on delay time 

Fall time 

Turn-off time 

Turn-on time 

Pulse width - pulse duration 

Rise time 

Rise time of collector voltage for switching off. 

Reverse recovery time of a diode 

Storage time 

Recovery time for maximum value of recovery current (IRM) 

Ambient temperature 

Case temperature 

Junction temperature 

Storage temperature 

Maximum lead temperature for soldering purpose 

Base-emitter saturation voltage 

Base-emitter voltage 

Collector-base breakdown voltage with emitter open 

Collector-emitter breakdown voltage with base open 

Collector-emitter breakdown voltage with specified resistance Rse 

Collector-emitter breakdown voltage with emitter short-circuited to base 

fol tas breakdown voltage with specified reverse voltage between emitter and 
ase, rs= 

Collector-emitter breakdown voltage with specified circuit between emitter and base 

Emitter-base breakdown voltage with collector open 

Drain-source breakdown voltage with gate short circuited to source 

Collector-base voltage 

Collector-base voltage with emitter open 

Collector DC voltage supply 

Collector-emitter voltage 

Collector-emitter saturation voltage 


' Knee voltage at specified condition 


Collector-emitter voltage with base open 

Collector-emitter sustaining voltage with base open 

Collector-emitter voltage with specified resistance between emitter and base 
Collector-emitter sustaining voltage with specified resistance between emitter and base 
Collector-emitter voltage with emitter short-circuited to base 

Collector-emitter voltage with specified reverse voltage between emitter and base 
Collector-emitter sustaining voltage with specified reverse voltage between emitter and base 
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ALPHABETICAL LIST OF SYMBOLS 


VcCEW Maximum collector-emitter voltage at turn-off with a specified current and base drive 
VcEX(sus) | Collector-emitter sustaining voltage with specified circuit between emitter and base 
Velamp Drain clamping voltage 
VbG Drain-gate voltage 
VDGR Drain-gate voltage with specified resistance between gate and source 
Vpbs Drain-source voltage 
VDS(on) Drain-source on state voltage 
VEB Emitter-base voltage 
VEBO Emitter-base voltage with collector open 
VF Continuous DC forward voltage for a diode 
VFM Peak forward voltage for a diode 
VGE Gate-emitter voltage 
VGE (th) Gate threshold voltage for igat 
Vas Gate-source-voltage 
VGSith) Gate threshold voltage 
7 Input voltage of a specified circuit 
VR Continuous DC reverse voltage for a diode 
VRM Peak reverse voltage for a diode 
VRRM Repetitive peak reverse voltage 
VsD Source-drain diode forward on voltage 
5 Duty cycle 
AT Temperature variation 
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SELECTION GUIDE 


SCREW VERSION FAST-ON VERSION 


For configuration 1 For other configurations For configuration 1 For other configurations 


Internal schematic diagrams 


3 1 
3 3 3 3 309 
2 
2 
T2 
1 aot : : : a 
4 1 4 


Configuration 1 Configuration 2 Configuration 3 Configuration 4 Configuration 5 Configuration 6 


BIPOLAR IN ISOTOP 
Ce al @ Ic / IB 


Heras is 


Configuration 


ESM2012DF/V 
BUT30F/V 
BUT230F/V 
ESM2030DF/V 
BUT32F/V 
ESM3030DF/V 
BUT232F/V 
ESM3045DF/V 
ESM4045DF/V 
STF4045DF/V 
ESM5045DF/V 
ESM7545DF/V 
BUF460DF/V 
ESM6045DF/V 
STF6045DF/V 
STF8045DF/V 
BUV98F/V 
BUF298F/V 
BUV298F/V 
BUF460F/V 
ESM3045AF/V 
BUV98AF/V 
ESM4045AF/V 
STF4045AF/V 
BUF298AF/V 
BUV298AF/V 
ESM6045AF/V 
STF6045AF/V 
BUF460AF/V 
STF8045AF/V 
ESMT5070DF/V 
BUF824F/V 
BUF832F/V 


o1 
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de 
2 
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3. 
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ae) 


(.) Vceo Sustaining. (..) Max Value at Tj = 100°C. (A) Max Value, inductive Load and Tj=100°C. * Typical value ** T, = 25°C 
Note: Final Digit F =Fast-on; V = Screw. 
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SELECTION GUIDE 


SCREW VERSION FAST-ON VERSION 


Internal schematic diagrams 
3 1 
: 2 
2 


Configuration 13 Configuration 14 


Ros(on) @ Ib/Vgs : ; 
Configuration 
(Ohm) (A) (V) 


POWER MOS IN ISOTOP 


TSD250N05F/V 
TSD200NO05F/V 
TSD4M151F/V 
TSD180N10F/V 
TSD4M150F/V 
TSD4M251F/V 
TSD4M250F/V 
TSD4M351F/V 
TSD4M350F/V 
TSD2M350F/V 
TSD4M451F/V 
TSD4M450F/V 
TSD40N50DF/V 
TSD2M450F/V 
TSD22N80F/V 
TSD20N100F/V 
TSDSMG40F/V 


Note: Final Digit F=Fast-on V = Screw. 
IGBT IN ISOTOP 


VcE(sat) @ Ic / Vge tt 
e Configuration 
mM | a] ™ | os 


(A) 
TSGS50NS0DF/DV ; 50 15 
TSG25N100DF/DV 25 15 


* Typical value —® Inductive Load. 
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SELECTION GUIDE 


TO-240 TO-240A 


3 2 1 3 
4 6 
6 4 
Configuration 10 Configuration 12 


POWER MOS IN TO-240 


V(Br)pss Ip Ib Rosvon) @ Ip/Ves 
Tc=100°C Configuration 


(V) (A) (Q) (A) (V) 


SGS150MA010D1 
IRFK6H150 
IRFK4H150 
SGS100MA010D1 


IRFK6H250 
IRFK4H250 
IRFK6H350 
IRFK6H450 
IRFK4H450 
SGS35MA050D1 
SGS30MA050D1 
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SELECTION GUIDE 


TO-240 TO-240 
Single switch Half bridge 


Configuration 6 Configuration 7 Configuration 8 Configuration 9 


BIPOLAR IN TO-240 


=o 
Cc Configuration 
(A) (us) (W) 

250 

80 
100 


SGS250DA013D 
SGS80DA020D 
SGS100DA020D 
SGS150DA020D 
SGS30DB040D 
SGS50DB040D 
SGS30DB045D 
SGS50DB045D 
SGS40TA045D 
SGS40TA045 
SGS50DA045D 
SGS30DA060D 
SGS25DB070D 
SGS35DB070D 
SGS30DA070D 
SGS60DA070D 
SGS35DB080D 
SGS25DA080D 
SGS25DB080D 
SGS50DA080D 


nm 
on 


30 
50 
30 
50 
40 
40 
50 
30 
25 
35 
30 
60 
35 
25 
25 
50 
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SELECTION GUIDE 


SCREW VERSION FAST-ON VERSION 


FAST RECOVERY DIODES 


BYV54- 50 
BYV54-100 
BYV54-150 
BYV54-200 
BYV255-50 
BYV255-100 
BYV255-150 
BYV255-200 
BYT230PI-200 
BY T230P1-300 
BYT230P1-400 
BY T230P 1-600 


BYT230PI-800 


BYT261PI-200 
BYT261PI-300 
BYT261PI-400 


BYT261PI-600 


BYT261PI-800 


BYT261PI-1000 
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PACKAGE INTERNAL DESCRIPTION 


HIGH CURRENT CONNECTIONS 
TO-240 ge, EASILY PARALLELED 


FASTON DRIVE 
_ CONNECTIONS 


ADVANCED SILICON 
2.5KV ALUMINA ISOLATION LOW Ry HEAT SPREADER 


The TO-240 is a well established "Package" in the industrial electronics field. 

SGS-THOMSON TRANSPACK power modules conform to this standard outline whilst offering improved 
performance. The TRANSPACK range provides choice and flexibility. SGS-THOMSON offer a wide choice 
of transistors and POWER MOS chips to cope with varying application requirements. 

Quality and Reliability is ensured by the proven high volume technology of SGS-THOMSON POWER 
DISCRETES. 


TRANSPACK internal design provides optimised electrical and thermal balancing plus minimum thermal 
resistance which ensures improved performance and a lower operating temperature. The internal layer of 
ceramic material means that external mica or ceramic washers are unneccessary and removes the problems 
associated with device failure caused by insulating washer breakdown. 


ISOTOP 
DRIVER POWER 
os CIRCUIT 4, my CIRCUIT 
~ (hy fh GER SPOILER RATIO LELE CS. MUTLI TA GRREETULEEETRHER 


a 


ISOTOP is a power device package offering the 
maximum power switching capability (3,9 KVA/cm?) 
and very low RTH with the smallest on the market 
volume. Its versatility, its very easy mounting in 
compact circuits make the ISOTOP case particulary 
suitable for high performance, low volume, power 
switching circuits designs. 
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PACKAGE INFORMATION 


MOUNTING INFORMATION 


Power module packages are designed for high mechanical robustness and optimum heat removal. The 
basic mounting procedures are as follows. 


| - MOUNTING ON HEATSINK 


= sess 


; l | 
7 ‘N 7 \ | | 


ld - HEATSINK SPECIFICATION: 


ISOTOP TO240 


Flatness ( max concavity or <= 20 microns <= 40 microns 
convexity between fixing holes) (0.78 mils) (1.18 mils) 


te + 1.2 microns 

Surface Finish (+ 0.05 mils) 
D = M4 D= 

Fixing Holes L=30+3 mm L = 80 
(1.181 + 0.012 Inches) (3.1 

L=80 

6.5 


Extruded Heatsink 0.012 Inches) 


6 + 0.008 Inches) 


ISOTOP TO240 
M4 + lock washer M6 x 15 allen + lock washer 


1.3+40.2 3.5 0:5 
Torque Nem Nem 

(7.6 + 1.2 LBS e Inches) (20.5 + 3 LBS e Inches) 
Rth Case/Heatsink ° ° 
(with thermal compound) = 0.0950 a 


il - CONNECTIONS 
ISOTOP TO240 


l2 - MOUNTING SPECIFICATION: 


1.3+0.2 2.2+0.5 
Torque Nem Nem 
(7.6 + 1.2 LBS e Inches) (13 +2.3 LBS e Inches ) 
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PACKAGE INFORMATION 


Q+0.24 


(Cross form). 


Empreinte cruciforme Phili : 
ere p hilips n. 2 


B 0,2/0,3 


@s8- °0,22 


lll - INSULATION 


ISOTOP TO240 
aca 
Insulation Voltage 2500 V.RMS 2500 V. RMS 
pins to base 1 minute 1 minute 
Stray capacitance 40 to 70 pF. be 
Creepage and Clearance Distance >= 9.5 mm >= 29 mm 
pins to base-heatsink (0.374 Inches) (1.14 Inches) 
Creepage and clearance distance >= 4.5mm >= 8mm 
pin to pin (0.177 Inches) (0.315 Inches) 


Resin: Flammability UL 94 V-O UL Recognized UL Recognized 
UL Qualification File E817344 Conforms to UL Requirements 


RELIABILITY 
PACKAGE ORIENTED TESTS: 


Periodic reliability tests are performed in order to prevent any drift in the in-built reliability level of power 
module cases. 


CUMMULATIVE RESULTS 


TEST AND CONDITIONS ISOTOP TO240 
Thermal fatigue 1.9x10° device cycles 1.1x10° device cycles 
A Tc = 70°C, Pp = low, 5 K cycles 1 failure 1 failure 


Thermal fatigue ~40°C/1 25°C, 100 cycles 41x10" device cycles 25x10" device cycles 
MIL-STD 202F/107G 1 failure 1 failure 


bie hie _ 0% 0% 
Vibrations 6 hours MIL-STD 202F/204D (0/310) (0/220) 
Ze 0% 
(0/220) 


Moisture TA = 85°. RH = 85% 100 H. (6/280) 
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PACKAGE INFORMATION 


PACKAGING FOR SHIPMENT 


PACKAGE ISOTOP TO240 
SUFFIX F SUFFIX V 


ia PCS + contact - , pieces + contact ie 
BUR Cia 100 pieces (10 tubes) 25 pieces (5 tubes) 


Ordered quantity Multiples of 10 PCS Multiples of 5 pieces 
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DARLINGTON TEST CIRCUITS 


ICER 


SC04850 


ICEV 


SC04860 
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DARLINGTON TEST CIRCUITS 


IEBO 


$C04870 


VCEO (sus) 


$C04900 
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APPLICATION NOTES 
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APPLICATION NOTE 


NOVEL PROTECTION AND GATE DRIVES FOR MOSFETs 
USED IN BRIDGE-LEG CONFIGURATIONS 


INTRODUCTION 


The bridge-leg is an important building block for 
many applications such as drives and switch-mode 
power supplies. Simple gate drives with protection 
for POWER MOSFETs need to be designed for the 
"low-side" and the "high-side" switches in the 
bridge-leg. The POWER MOSFET can conduct a 
peak drain current, Ip, which is more than three 
times its continuous current rating. The POWER 
MOSFET peak current capability and its linear oper- 
ating mode are used to good effect in designing de- 
vice protection circuitry. 


Bridge-leg configurations have a direct bearing on 
the degree of protection that can be incorporated. 
Consequently, bridge-leg configurations, protection 
concepts and gate drives are created simultaneous- 
ly to design optimised and reliable power electronic 
circuits. 


H-BRIDGE USING POWER MOSFETs 


Three POWER MOSFET based bridge configura- 
tions are illustrated in figure 1. Figure 1a illustrates 
a bridge-leg which uses the internal parasitic diode 
as a free-wheeling diode thus reducing cost. How- 
ever, since the reverse recovery of this parasitic 
diode is in the order of a microsecond, the turn-on 
switching times of the POWER MOSFET have to be 
increased in order to reduce the reverse recovery 
current. The turn-on time of the POWER MOSFET 
is controlled such that the pulse current rating of the 
internal diode is not exceeded. Hence a com- 
promise is made between maintaining the safe 
operating area of the MOSFET and reducing turn-on 
switching losses. For example, an SGSP477 MOS- 
FET has a diode pulse current rating in excess of 
80A and a typical diode reverse recovery time of 
300ns. A rate of change of current at turn-on, limited 
to 50A/s, is a realistic compromise between reverse 
recovery current magnitude and turn-on losses. 
Consequently switching speed is sacrificed for cost. 
For switching frequencies up to 10kHz, when oper- 
ating on a 400V DC high voltage rail, this configura- 
tion can be chosen as switching losses are limited, 
thus enabling a realistic thermal design. 


AN351/0689 


BY C. PATNI 


Figure 1 : Bridge Configurations. 


HV. GND cr-o3ze 


b) Asymmetrical Bridge-leg providing di/dt Protec- 
tion. 


H.V.D.C. 


Ad 
OUTPUT 
al 


H.V. GND 


SC-0325 


c) Bridge-leg with blocking Diodes. 


1/6 
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APPLICATION NOTE 


The turn-off speed of the POWER MOSFET in this 
configuration has no restrictions. Thus a fast turn-off 
is desirable to reduce turn-off losses. As the rate of 
change of current is limited, radio frequency inter- 
ference (RFI) and electromagnetic interference 
(EMI) are reduced. 


An asymmetrical bridge-leg, illustrated in figure 1b ; 
can be used to limit di/dt during a short-circuit con- 
dition thus providing sufficient time to switch-off the 
appropriate power devices. The inductors limit the 
rate of rise of output current. They also limit the free- 
wheeling current through the internal parasitic 
diodes of the MOSFETs. Adding external free- 
wheel diodes and inductors increases reliability at 
the cost of increased complexity. The inductors re- 
duce RFI and EMI as the rate of change of current 
is limited. 

The configuration illustrated in figure 1c has Schott- 
ky "blocking" diodes to prevent current going 
through the MOSFET internal parasitic diodes. 
Schottky diodes are often used since conduction 
losses are kept to a minimum. 


Bridge configurations shown in figure 1b and 1c are 
considered for high frequency switching applica- 
tions. The advantage of the asymmetrical bridge-leg 
configuration over the bridge configurations in 
figures 1a and 1c is that the bridge-leg is capable of 
withstanding simultaneous conduction of the two 
devices in the bridge-leg since there are series in- 
ductors which reduce the dl/dt under this condition. 
Hence the short-circuit detection loop time is not so 
critical and the devices are not stressed with high 
di/dt and high pulse currents. 


The choice of the bridge configuration depends on 
the technical specification of the application. For 
example, if the technical specification for a specific 
application can be met by using the configuration 
shown in figure 1a, then this configuration should be 
used as costs are lower than with the other two con- 
figurations shown in figures 1b and 1c. 


GATE DRIVE CIRCUITS 


The POWER MOSFET is a voltage controlled de- 
vice, unlike the bipolar transistor which requires a 
continuous base drive. An application of a positive 
voltage between the gate and the source results in 
the device conducting a drain current. The gate to 
source voltage sets up an electric field which modu- 
lates the drain to source resistance. The following 
precautions should be considered when designing 
the gate drive ; 


1 - Limit Vas to 20V maximum. Use of a gate to 
source voltage in excess of 16V has a marked 
effect on the lifetime of the device. 


2 - Gate drive parasitic inductance can cause oscil- 
lations with the MOSFET input capacitance. 
This problem becomes more pronounced when 
connecting devices in parallel. 


3 - There should be sufficient gate to source voltage 
for the transistor to be fully conducting. 


Figure 2 : Gate Drive Circuits. 
a) Isolated gate drive with controllable switching 
times. 


SC-0328 


b) Simple gate drive for N-Channel MOSFETs in 
parallel. 


MOSFET IN 

PARALLEL 

-}-- 
> 


r 


SC-0326 /1 


c) Gate drive with Vps (on) contro! for short-circuit 
protection. 


SC-0327 
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Bipolar, MOSFET, CMOS or open-collector TTL 
logic can be used in the design of simple high per- 
formance gate drives. Totem-pole buffers, (figure 
2a), are often effectively used to control the turn-on 
and turn-off individually. Figure 2b illustrates a total 
MOSFET based gate drive with which the switching 
speeds at turn-off can be individually controlled. 
CMOS or open-collector TTL logic can be used to 
drive MOSFETs directly, provided an ultrafast 
switching speed (50ns) is not necessary. In motor 
drive applications switching speeds of 100 to 200 
nanoseconds are sufficient as switching frequency 
is seldom in excess of 50kHz. Discrete buffers are 
used to provide high current source and sinking ca- 
pability when improved switching speeds are re- 
quired or when MOSFETs are connected in parallel. 


Short-circuit protection techniques similar to those 
for bipolar transistors may be considered for MOS- 
FETs. Vpsion) monitoring permits the detection of 
short-circuit conditions which lead to device failure. 
The device can be switched off before the drain cur- 
rent reaches a value in excess of the peak pulse cur- 
rent capability of the MOSFET. This form of 
protection is very effective with MOSFETs as they 
can sustain a pulse current in excess of three times 
the nominal continuous current. Figure 2c illustrates 
a gate drive which incorporates Vpsion) monitoring 
and linear operating mode detection for the MOS- 
FET in the case of short-circuit conditions. When the 
MOSFET is turned on the on-state voltage of the de- 
vice (Vps(on)) is compared with a fixed reference 
voltage. At turn-on, Vps(on) monitoring is inhibited for 
a period of approximately 400ns in order to allow the 
MOSFET to turn-on fully. After this period, if Vpsvon) 
becomes greater than the reference value, the de- 
vice is latched-off until the control signal is turned-off 
and turned-on again. 


"HIGH-SIDE" SWITCH GATE DRIVES 


The top transistor in a bridge-leg requires a “high- 
side" gate drive circuit with respect to the bridge 
ground. Three possible gate drive concepts are 
shown in figure 3: 


a) The "bootstrap" drive, requiring logic signal isola- 
tion, but no auxiliary floating supply. 

b) The level shifting drive. 

c) The floating gate drive with optically coupled iso- 


lators, pulse transformers or DC to DC chopper 
circuit with transformer isolation. 
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Figure 3 : Gate Drives for Top Transistor of Inver- 
ter Leg. 
a) "Bootstrap" supply floating gate drive. 
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b) Level shifting gate drive. 
H.V.D.C. +12V 
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c) Floating supply isolated gate drive. 


FLOATING ISOLATED 


SUPPLY 


$C-0331 


Bootstrap supplies are particularly well suited to 
POWER MOSFET gate drives which require low 
power consumption. Figure 4 illustrates two boot- 
strap supply techniques. Bootstrap supplies limit 
transistor duty cycle since they require a minimum 
transistor off time during which they are refreshed. 
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Supply efficiency and maximum duty-cycle are par- 
ameters which govern the design of the bootstrap. 
Figure 4a illustrates a conventional bootstrap with 
an additional capacitor, C1, which improves the 
maximum duty cycle as the supply is refreshed even 
during transistor on time by this capacitor. Figure 4b 
illustrates a high efficiency bootstrap supply which 
uses asmall MOSFET, Q1, for regulation. In this de- 
sign a low power bootstrap drives the gate of Q1. 


The level shifting gate drive, (figure 3b), requires a 
high voltage p-channel MOSFET which drives the n- 
channel power device. The p-channel MOSFET is 
switched using a resistor divider network. No float- 
ing supplies are required. A power supply of 12V, 
referenced to the high voltage d.c., is used to pro- 
vide positive gate source voltage for the n-channel 
POWER MOSFET. This circuit eliminates the need 
for logic signal isolation and a floating supply. The 
disadvantage of this circuit is the high cost of the p- 
channel drive MOSFET. 


Figure 3c illustrates a floating gate drive with a float- 
ing supply. This drive is the most expensive out of 
the three shown in figure 3. However, the floating 
supply need only have a low output power, since 
MOSFETs are voltage controlled devices. The ad- 
vantages of this drive are its high efficiency and un- 
restricted transistor duty-cycle. 


Figure 4 : Bootstrap Supply Techniques. 
a) Conventional bootstrap with additional capacitor 
C1. 
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b) High efficiency bootstrap. 
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Figure 5 : Isolated CMOS Drive with Vps Control for Short-circuit Protection. 
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Figure 6 : Short-circuit Conditions for an SGSP477 
Vos & Ip. 


Vos : 50V/DIV 

Ip : 10A/DIV 

t : 2us/DIV 

a) Output to high voltage short-circuit. 


PROTECTION 


Power electronic circuits such as bridge-legs are 
often required to have protection against output to 
output short-circuit, over-temperature, simulta- 
neous conduction of devices in series in a bridge-leg 
and output to high voltage supply or ground rail 
short-circuit. These power stages are generally part 
of an expensive system such as a machine-tool or 
a robot motor drive. Thus the additional cost of pro- 
tection circuitry is commercially acceptable. A com- 
promise is generally reached between equipment 
costs and the degree of protection required. 


APPLICATION NOTE 


Short-circuit protection of a power MOSFET can be 
achieved by either Vpsion) monitoring or a current 
sense. In the previous section gate drives using the 
Vps(on) monitoring technique were presented. Fig- 
ure 6 illustrates the MOSFET drain to source volt- 
age, Vps, and the drain current, Ip, when 
short-circuits are experienced by the POWER MOS- 
FET, SGSP477, driven by the gate drive illustrated 
in figure 5. ; 


The MOSFET is turned-off when the drain current 
increases sufficiently and Vpsvon) monitoring is in- 
hibited for a period of 400ns to allow the device to 
turn-on fully. 


An inductor is used in series with the device, as il- 
lustrated in figure 1b. This inductor saturates when 
a large short-circuit current flows. The rate of 
change of the short-circuit current due to the satu- 
ration of this inductor is illustrated in figure 6a and 
6b. Figure 6a illustrates the POWER MOSFET drain 
to source voltage, Vps, and the drain current, Ip, 
when a bridge-leg output to high voltage supply rail 
short-circuit occurs. Figure 6b illustrates an output 
to output short-circuit of two bridge-legs. 


Another protection technique uses the "current mir- 
ror concept", (1). An image of drain current is ob- 
tained by having a small MOSFET, (integral or 
discrete), in parallel with the main power MOSFET 
as illustrated in figure 7. 


Figure 7 : The Current Mirror. 
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Figure 8 illustrates a floating gate drive which utilizes 
a pulse transformer for transmitting simultaneously 
the MOSFET on-signal together and the gate to 
source capacitance charging current. The current 
mirror technique is used to provide short-circuit and 
over-load current protection. The pulse transformer 
operates at an oscillating frequency of 1MHz when 
a turn-on control signal is present. 
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The secondary is rectified to provide the gate source 
capacitance charging voltage. The current mirror 
provides a voltage "image" of the main MOSFET 
drain current. This voltage is compared with a fixed 
reference voltage in order that the gate drive be 


latched-off when the drain current becomes in ex- 
cess of a specificed value. Figure 9 illustrates how 
the MOSFET, SGSP477, is latched-off when the 
drain current exceeds 10A with this gate drive cir- 
cuit. 


Figure 8 : Pulse Transformer Gate Drive with Current Mirror Protection for an SGSP477. 
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Figure 9 : Overload Current Protection using Cur- 
rent Mirror Concept with the Gate Drive 
of Figure 8 for an SGSP477. 
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CONCLUSION 

MOSFET based bridge-leg configurations requiring 
protection and floating gate drives have been 
presented. Novel self-protecting gate drives for the 
"high-side" and "low-side" switching have been dis- 
cussed. These drives provide protection against out- 
put to high voltage d.c., output to ground and output 
short-circuit. For the high-side switch "bootstrap" 
supply gate drive, level shifting gate drive and float- 
ing supply isolated gate drives have been compared. 
Protection against short-circuit condition has been 
demonstrated using Vps(on) monitoring and the cur- 
rent mirror concept. Both techniques are well suited 
for protection against short-circuit conditions. How- 
ever, the current mirror concept also provides a suf- 
ficiently linear image of the current for regulation. 


Q4 =SGS477 
Q5 = BC337 
Q6 = BC327 
Q7 = BC337 
Q8 = BC327 
Q9 =BC337 
Q10 = BC327 
Q11 = BC337 
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APPLICATION NOTE 


USE OF INTERNAL MOSFET DIODE IN BRIDGE-LEGS 
FOR HIGH FREQUENCY APPLICATIONS 


ABSTRACT 


Reverse recovery ofthe intrinsic MOSFET diodes is 
investigated for the classical MOSFET and the 
MOSFET with minority carrier lifetime control. Turn- 
on losses in bridge-legs using intrinsic MOSFET 
diodes limit the switching frequency particularly in 
the case of the classical MOSFET. Adapted bridge- 
leg configurations are presented which enable the 
use of the intrinsic MOSFET diodes for the free 
wheeling function in inductive load switching without 
any appreciable reverse recovery current and MOS- 
FET turn-on switching losses ! 


INTRODUCTION 


The MOS field effect transistor (MOSFET) contains 
an intrinsic PN diode within the structure which can 
conduct a current from source to drain. The PN junc- 
tion diode is in fact part of a parasitic NPN bipolar 
transistor as shown in figure 1. Free-wheeling 


By C.K. PATNI - D. STEED - JM. CHARRETON 


diodes in bridge-legs are necessary when switching 
inductive loads. The intrinsic diode can be used to 
fulfil this free-wheeling function. However, the intrin- 
sic diode of the classical MOSFET has a long 
reverse recovery time and "snap-off" characteristic 
which can cause large dV/dt. The snap-off can result 
in the device failing in one of two ways. Firstly, due 
to internal capacitances, Cab and Che, a base current 
may- be established which turns-on the intrinsic bi- 
polar transistor (see figure 1)". Secondly, the dV/dt 
may be such that the drain to source voltage of the 
MOSFET exceeds the blocking voltage thus caus- 
ing avalanche breakdown. This paper investigates 
various means of limiting the maximum reverse re- 
covery current of the intrinsic diode to ensure re- 
liable operation. A comparison is made between the 
novel solutions presented permitting the use of the 
internal diode, and conventional solutions for using 
MOSFETs in bridge-legs, such as lifetime controlled 
MOSFETs and series blocking diodes. 


Figure 1 : Equivalent Circuit for a MOS Field Effect Transistor (MOSFET). 
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METHODS OF LIMITING REVERSE RE- 
COVERY CURRENT 


Limiting the reverse recovery current of the intrinsic 
diode can be achieved by stopping current from pas- 
sing through the blocked MOSFET by means of a 
series blocking diode or limiting the rate of change 
of current in the intrinsic diode. The snap-off char- 
acteristics of the internal diode can be limited by 
having small RC snubbers across the drain to 
source of MOSFETS in bridge-leg configuration. 
Solutions which limit the rate of change of current in 
the intrinsic diode are discussed below. 


BRIDGE-LEG DESIGNS UTILIZING MOS- 
FET INTRINSIC DIODES 


a) SOLUTION WITH UNCOUPLED UNSATU- 
RABLE INDUCTORS 


In the circuit shown in figure 2, if T1 is blocked and 
T2 is conducting, the load current flows through T2. 


As T2 turns-off the current transfers to the freew- 
heeling diode D2, as the rate of change of current 
into the intrinsic MOSFET diode of T1 is limited by 
inductors L1 and L2. The zener voltage across Z2 
causes the current to transfer from the external 
freewheeling diode D2 to the intrinsic MOSFET 
diode in T1 until D2 no longer conducts (as shown 
in figure 3). When T2 is turned-on subsequently the 
current transfers from the intrinsic diode of T1 to T2. 
The reverse recovery of the intrinsic diode is, how- 
ever, limited by inductances L1 and L2. This can be 
seen clearly in figure 4. The bridge-leg can be de- 
signed (by dimensioning L1, L2 and Vz) such that 
the external freewheeling and zener or transil diodes 
only conduct for a small fraction of the freewheeling 
period. Consequently, they do not have to be 
mounted on a heatsink. The disadvantage of using 
the zener is that the MOSFETs must now be rated 
for at least the high voltage DC rail, HVDC, plus the 
zener voltage. 


Figure 2 : Bridge-leg with Uncoupled Unsaturable Inductors. 
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Figure 3 : Transfer of Current to Intrinsic Diode. 


Eo 1 a a 


ACEC 
SN SE ae 


Another advantage of inductances L1 and L2 in the 
circuit is that they limit the build up of current during 
fault conditions such as simultaneous conduction of 
the two devices. 


1 and L2 must be chosen such that their inductan- 
ces are big enough to prevent intrinsic diode reverse 
recovery problems hence reduce losses. They must 
be small enough to allow current to transfer from the 
freewheeling diodes D2 and D1 to the intrinsic MOS- 
FET diodes in T1 and T2 such that the average cur- 
rent passing through the external diode and zener 
or transil is low. 


b) SOLUTION WITH MUTUALLY COUPLED IN- 
DUCTORS 


Inductors Li and L2 can be mutually coupled as 
shown in figure 5. Coupling L1 and L2 doubles the 
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Time scale : 2us/DIV 
Vos : 50V/DIV 
Ip : 10A/DIV 


Intrinsic 
Diode : 10A/DIV 
Current (lip) 


MOSFET : SGSP477 


Time scale : 1s/DIV 
Vos : 50V/DIV 
Ip : 10A/DIV 


Intrinsic 
Diode : 10A/DIV 
Current (lip) 


MOSFET : SGSP477 


inductance between transistors T1 and T2 
(SGSP477), thus reducing the reverse recovery 
problem of the intrinsic diode as the rate of change 
of current is reduced. Coupling, therefore, saves the 
cost of one core and less windings are necessary to 
provide the same degree of protection as in the case 
of uncoupled inductors. The voltage and current 
waveforms of the MOSFETs and their intrinsic 
diodes for this solution are similar to that obtained 
with solution (a). 
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Figure 5 : Bridge-leg with Mutual Inductors. 
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C) SOLUTION WITH SATURABLE INDUCTORS 


Saturable inductors such as toroids with a few turns 
can be used in the bridge configuration shown in fig- 
ure 6. Saturable inductors are better suited than 
non-saturable inductors in so much as they can be 
used to limit the reverse recovery of the intrinsic 
diode to an almost negligible level. The saturable in- 
ductor is designed to saturate after the intrinsic 
diode has reverse recovered. Before saturation the 
inductor presents a high impedance and only a low 
magnetising current flows. 


In figure 6, itis assumed that T1 and T2 are blocked 
and the intrinsic diode of T1 is conducting. If T2 is 
now turned-on, the current in the intrinsic diode de- 
creases rapidly since inductor L1 is saturated until 
this current reverses resulting in negative volts-sec- 
onds across the inductor which thus desaturates. 
The inductor thus presents a high impedance while 
the current through it is equal to or less than the 
magnetising current. The intrinsic MOSFET diode 


Inductive 
load 
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Z1 
Transil 


D1 


begins to reverse recover as the current through it 
becomes negative. The inductor is designed not to 
saturate for a period of at least 1us, thus enabling 
the reverse recovery of the intrinsic diode without 
excessive reverse recovery current. There is a cer- 
tain degree of minority carrier recombination while 
the inductor is unsaturated which also reduces the 
maximum reverse recovery current, IRu. The 
reverse recovery of the intrinsic diode can be seen 
in figure 7. 


While T2 is conducting the load current inductor L2 
is saturated. When T2 turns-off the MOSFET cur- 
rent transfers to diode D2. The free-wheeling cur- 
rent path through the intrinsic diode of T1 has a high 
impedance due to L1 being unsaturated. Conse- 
quently the build-up of current through the intrinsic 
diode of T1 is slow until this current reaches a value 
equal to the magnetising current, Imag, of inductor L1 
which then saturates. This effect can be clearly seen 
in figure 8. 
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Figure 6 : Bridge-leg with Saturable Inductors. 


The turn-on of the MOSFET in the solution with satu- 
rable inductors (shown in figure 6) is illustrated in fig- 
ure 9. It can be seen that the MOSFET losses are 
negligible, since the saturable inductor in series with 
the MOSFET that turns-on, limits the rate of rise of 
current while it is unsaturated. Figure 9 also illus- 
trates that the reverse recovery of the intrinsic diode 
of the free wheeling MOSFET is also limited.. 


In the bridge-leg with saturable inductors (figure 6), 
if transils (Z1 and Z2) and resistors (R1 and R2) are 
removed, the external free-wheeling diodes have to 
be of high current rating as they conduct all the load 
current until the saturation of L1 and L2. Sub- 
sequently the external diode shares part of the free- 
wheeling current with the intrinsic diode. It is 
advantageous to reduce the current through the ex- 
ternal free-wheel diodes D1 and D2 as rapidly as 
possible for the following reasons : 


APPLICATION NOTE 


Inductive load 


1. If D1 and D2 conduct for a small fraction of the 
maximum free-wheeling duty cycle, then their 
power rating is substantially reduced. 


2. If the free wheeling current through the external 
diode D1 or D2 is reduced rapidly, the inductor in 
series (L1 or L2) is no longer saturated. At the 
consecutive turn-on of T1, L1 presents a high im- 
pedance thus performing a turn-on snubber func- 
tion. Transistor turn-on losses are thus minimised 
particularly for inductive loads. 


3. Output short-circuit protection is also enhanced if 
the inductors are unsaturated prior to transistor 
turn-on. 

The current through the external free-wheeling 

diodes can be reduced rapidly by increasing the rate 

of release of inductor stored energy by transils (21 

and Z2) and/or resistors (R1 and R2) as shown in 

figure 6. 
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Figure 7 : Reverse Recovery of Intrinsic Diode using Saturable Inductors in the Configuration of Figure 6. 
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Figure 9 : Turn-on of the MOSFET in the Configuration with Saturable Inductors. 
(The turn-on snubber and the intrinsic diode reverse recovery actions are illustrated). 
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Table 1 : Advantages and Disadvantages of Solutions for limiting Reverse Recovery Current in the 


Intrinsic MOSFET Diode. 


Unsaturable Inductors 


— As above. 


Saturable Inductors 


COMPARISON OF USE OF INTRINSIC MOS- 
FET DIODE WITH ALTERNATIVE SOLU- 
TION 


Figure 10 illustrates three bridge-leg configurations 
that can be used with MOSFETs when switching in- 
ductive loads. Figure 10a) illustrates a bridge-leg 
which uses the intrinsic diode of a classical MOS- 
FET having a reverse recovery in the order of a 
microsecond. The same configuration can be used 
with a lifetime controlled MOSFET which has an in- 
trinsic diode having a reverse recovery time around 
250ns. An asymmetrical bridge-leg illustrated in fig- 
ure 10b), is similar to the above mentioned solutions 
permitting the use of the intrinsic diode. The configu- 
ration illustrated in figure 10c) has series "blocking" 


Figure 10 : Bridge-leg Configurations. 


a) Bridge-leg using intrinsic 
MOSFET diode 


cs Type of Protection Used Disadvantages 


— Reduction of turn-on losses. 

— Controlled dl/dt at turn-on. 

— Controlled reverse recovery of 
intrinsic diode. 


Unsaturable Mutual Inductances| — Smaller and less expensive than 
two inductors since only one 
coupled inductor. 


— Negligible turn-on losses. 

~ Negligible intrinsic MOSFET 
diode reverse recovery losses. 

— Controlled dl/dt turn-on. 


b) Asymmetrical 
providing di/dt protection, 
turn-on snubber and limited 


— In order to use low current rated 
freewheeling diodes, transil 
diodes have to be used 
increasing the voltage rating of 
the MOSFETs in the circuit. 


— As above. 


— As above. 


diodes which prevent conduction of the intrinsic 
MOSFET diodes and thus avoid reverse recovery 
problems associated with the slow intrinsic diodes. 
In this configuration fast recovery epitaxial diodes 
are used as external free wheeling diodes. 


Tests were performed using 500V, 0.6 ohm at 25°C 
classical MOSFETs (BUZ353) and lifetime control- 
led MOSFETs in the bridge-leg illustrated in fig- 
ure 10a). Experimentally obtained losses within the 
diode and the MOSFET at turn-on are presented in 
figure 11. The solution enabling the use of the intrin- 
sic diode without reverse recovery problems (figure 
10b) has practically no losses due to reverse re- 
covery of the intrinsic diode. 


_ 


bridge-leg c) Bridge-leg with series 
blocking diodes and fast 


freewheeling diodes 


reverse recovery problems 
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Figure 11 : Turn-on Losses in a Bridge-leg. 
Turn-on Losses in the MOSFET 
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a) Turn-on losses in the MOSFET when switching 10A inductive load current on 400Vpc rail as a function of 
the rate of change of MOSFET drain current (dlp/dt) 


Reverse Recovery Losses in the Diode 
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b) Reverse recovery losses in the freewheeling diode when switching 10A inductive load current on 400Vpc 
rail as a function of the rate of change of freewheeling diode current (dlrp/dt) during diode turn-off. 
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Figure 12 : Turn-on Illustrations of the MOSFET Drain to Source Voltage (Vps) and Current (Ip) at Turn-on 


of the Transistor Limited to 100A/us. 
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It can be seen that due to the slow intrinsic diode of 
the classical MOSFET, turn-on losses are twice that 
with a lifetime controlled MOSFET. With external 


0 


ky, S& MSO 
7 aupontermomes 


a) Classical MOSFET 
(500V, 0.6 ohm) 

BUZ353 

Diode losses = 540uJ 
MOSFET losses = 3200uJ 


Vps MOSFET drain to source voltage 
100V/DIV 

Ip Drain current 

5A/DIV 

Time 200ns/DIV 


b) Lifetime controlled MOSFET 
(500V, 0.6 ohm) 


Diode losses = 460uJ 
MOSFET losses = 1600uJ 


Vps 100V/DIV 
Ip 5A/DIV 
Time 100ns/DIV 


c) External fast diode 
BYT12P-600 


Diode losses = 130uJ 
MOSFET losses = 560udJ 


Vos 100V/DIV 
Ip 5A/DIV 
Time 50ns/DIV 


fast freewheeling diodes losses are only 20% of the 
losses in the classical MOSFET. 
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CONCLUSION 


Reverse recovery of the intrinsic MOSFET diode 
has been investigated. Losses caused by slow in- 
trinsic diode recovery for the classical MOSFET 
have been compared with losses using lifetime con- 
trolled MOSFETs in a bridge-leg and losses using 
fast external freewheeling diodes. It has been 
shown that turn-on losses in a bridge-leg using 
classical MOSFETs are five times greater than 
losses in bridge-legs with fast external freewheeling 
diodes and two times greater than losses in bridge- 
legs using lifetime controlled MOSFETs. 

By using different types of inductors (such as satu- 
rable inductors) in bridge-legs it has been 
shown that negligible turn-on losses can be 
achieved as reverse recovery of the intrinsic 
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MOS FET diode can be limited. Practical results 
confirmthatbyusingsaturableinductorsastutelyin 
bridge-legs, itis possible to use the intrinsic diode 
oftheclassicalMOSFETinhighfrequencyinductive 
loadswitchingapplicationswithnegligibleturn-on 
losses. 
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APPLICATION NOTE 


ENVIRONMENT DESIGN RULES OF MOSFETs 
IN MEDIUM POWER APPLICATIONS 


ABSTRACT 


The use of POWER MOSFETs, allows high switch- 
ing speed in power applications above 10kW. 
Nevertheless the main limitations come from the 
characteristics of the circuit design. From a practical 
example, this paper analyses and proposes solu- 
tions to adapt the POWER MOSFET and the layout 
in order to minimize parasistic inductances. Special 
emphasis is given to the driver circuit, package, wir- 
ing rules and voltage spike protection at turn-off. 


| - INTRODUCTION 


POWER MOSFETs are now considered standard 
tools by circuit designers working at tens of Amps 
and hundreds of Volts. Their traditional advantages 
(easy drive and over current capability) remain true 
when switching over 10KWatts. Nevertheless, the 
main limitations encountered are not from the MOS- 
FET itself as it can switch high current at high speed 
(over 1000Amps/sec), but from characteristics of 
the circuit design. After presentation of a specific ex- 
ample of Power MOSFETs drive, the optimisation of 
the power devices and the layout will be analysed 
in the practical example of a chopper operating with 
an ISOFET (1000V - 0.79 or 100V -0.014Q ). Final- 


BY B. MAURICE 
ly, an over-voltage protection circuit is presented. 


Il - HIGH POWER MOS DRIVE 


Even with high power switching (over 10KW), the 
driver circuit can be very simple (fig. 1), comparable 
to the ones used for low power circuits. 


The major characteristic of a POWER MOSFET is 
its high input capacitance (ie : Ciss = 12nF for 100V 
- 14mQ MOSFET) which must be rapidly charged 
and discharged when switching without creating os- 
cillations. 


The following rules have been used for the design 
of the driver : 


¢ A low dynamic internal impedance which permits 
a peak current greater than 1Amp for 300nanosec 
to charge and discharge the ISOFET input 
Capacitance. 


¢ A low impedance circuit reduces the sensitivity to 
dV ps/dt at turn-off of the ISOFET. 


¢ The total resistance of the gate circuit must be 
greater than 5Q in order to sufficiently damp the cir- 
Cuit preventing oscillations and possible parasitic 
turn-on of the ISOFET. 


Figure 1 : Driving Circuit for ISOFET Over 10kW Switching. 


SGSP322 


ISOFET 
TSD5MG40V 


Q; = 100V 0.4Q P-channel MOSFET 


AN358/0689 


1/9 


APPLICATION NOTE 


¢ The links between drive and gate, short and non- 
inductive, are made between the gate pin and the 
"Kelvin Source" pin. The use of the "Kelvin Source" 
pin is very important when driving Power 


MOSFETs. It avoids parasitic effects caused by 
di/dt in the source lead. 

¢ The gate protection Zener diode has to be 
mounted close to the ISOFET package. 


Figure 2 : Over Current Capability and Switching Speed with ISOFET TSD5MG40 


(1000V — 0.72 — Ip = 13A). 


a. Turn-on ; the ISOFET controls 30A-650V and sustains 110A peak (8 x Ip). The over current is 
due to the recovery of the free-wheeling diode (BYT230PIV 1000). 
b. Turn-off ; with di/dt = 1600A/usec ; and dV/dt = 15000V/usec. 
The switched power = 25kW ; and the switching losses = 1.3mj 


a. Turn-on 
Vp = 200V/div t = 50ns/div. 
Ip = 20A/div Rg = 5Q 


lll - LAYOUT DESIGN FOR HIGH SPEED 
SWITCHING 


The reduction of the parasitic inductances is a major 
challenge for power switching especially with a 
power MOSFET switching over 1000Amps/usec 
(figure 2). With this switching leading edge, a 10cm 
diameter wiring loop causes a 100V voltage over- 
shoot. To solve this potential problem two actions 
are necessary : choosing a well adapted device and 
optimising the layout design. 


a. Adapting the device to the layout 


ISOFET is a MOSFET housed in an ISOTOP 
package (figure 3) : 


b. Turn-off 


Vo = 100V/aiv 
Ip = 10A/div 


The ISOTOP package can be directly screwed on 
to the printboard because all its terminals are atthe 
same level. Therefore all inductances due to the 
length of external wiring connexions are eliminated. 


As a result of the low profile of the package 
(12mm), the internal parasitic inductance is less 
than 10nH. Moreover, its Kelvin source (KS) en- 
sures a minimum of disturbance induced by the 
power circuit in the driver circuit. 


Even though it has a thermal resistance value of 
only 0.25°C/W, the case is fully internally insulated 
at 2.5kVrams. Therefore it can be mounted near to 
the diode package on a common heatsink in order 
to obtain a very compact circuit layout. 
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Figure 3 : An ISOFET is a MOSFET housed in an ISOTOP package, which has a low profile. 
It is easily integrated in low inductive layouts. 


The "Kelvin Source" lead (KS) separates the gate circuit from the internal inductance of the source 
connection. 


{5 mm 


12 mm 


b. Design of the layout screwed side by side, on a common heatsink 
The chopper shown in figure 4 contains two active and directly. connected on the printed circuit board 
components : the Power MOSFETs and the (PCB). 

freewheeling diode ; both in ISOTOP package 


Figure 4 : a. Chopper Schematic showing the Inductive Loop to be Reduced. 
b. The Same Circuit with two ISOTOP Packages (diode and ISOFET). The packages and links 
adopt an "in line" configuration in order to reduce the inductive loop. 
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By observation of the facts presented in appendix 1, 
the design rules used for the layout are summarized 


Use of double sided PCB where each high current 
path is immediately above its returns path on the 
other side of the board. 


The current densigy has been reduced by enlarg- 
ing the copper tracks in order to decrease the local 
di/dt and consequently the resulting induced volt- 
age. 

Use of several links instead of one, between two 
large copper tracks, avoids high current concentra- 
tions and reduces the inductance (figure 5). 


Decoupling capacitors have been configured inthe 
same direction as the direction of current flow. This 
prevents the formation of an inductive loop. (com- 
pare figure 6a and figure 6b hatched surfaces). 


The use of several smaller capacitors in parallel 
permits reduction of the equivalent internal 
parasitic inductance. (figure 6c). 


Choose components (e.g. capacitors) specified 
with a low internal inductance. (electrolytic 
capacitor 700F/400V can have a parasitic induct- 
ance of several tens of nH). Prefer the capacitor 
packages which minimize the inductive connection 
length. 


Figure 5 : Junction between two wide copper tracks is less inductive when several spaced links are used 
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rather then a single link. 
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APPLICATION NOTE 


Figure 6 : Configuration of Decoupling Capacitors : 
a. An inductive loop is formed, perpendicular to the current flow, because the current flow is not 


superimposed near the capacitor, 
b. Capacitor lying in the same direction as the direction of current flow. inductive loop minimised. 


c. Several smaller capacitors in parallel reduce their equivalent internal parasitic inductance for 
the optimum solution. 


Capacitor’s internal inductance 
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APPLICATION NOTE 


As a result the residual inductance of the finished plus 15nH when a current sensing loop (15mm7°) is 
layout (fig. 7) has been measured as 35nH, (fig. 8) added to the layout. 


Figure 7 : A Double Side Very Low Inductive Print Circuit Board. (scale : 0.5) 
Note the Multi Links (A) to connect One Side to the Other. 
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IV - OVERVOLTAGE DURING TURN OFF 


We have previously seen that by following these 
sound rules a parasitic inductance value of 35nH 
can be achieved. It represents the sum of several 
small components : active components, passive 
components and PCB. It seems difficult to reduce it 
further in a circuit without paralleling several power 
switches. 

In view of the ISOFET fast switching speed at turn- 
off (1000Amp/usec), the inductive voltage spike with 
35nH will be 35 Volts. This overvoltage is acceptable 


APPLICATION NOTE 


for devices rated over 500V. It is not negligeable in 
low voltage applications such as battery powered 
equipment. 


Two solutions are possible : 
a. Slowing down the ISOFET 


The switching speed at turn-off can be slowed down 
by increasing the gate resistor value. This method 
increases the commutating time and consequently 
the switching losses. These losses are increased by 
50% when Rg increases fro 5 to 10Q. (figure 8). 


Figure 8 : Increased Gate Resistor reduces dl/dt and Overvoltage at Turn-off. (driver circuit fig. 1). The 
total parasitic inductive loop (50nH) includes the inductance of the sense current loop. 
Ip = 10A/div Vp = 100V/div t = 50ns/div (ISOFET TSD5MG40V 1000V — 0.7) 
Switched power = 25kW ; Switching losses = 1.3md in (a) and 2.0md in (b). 


b. Protection against over-voltage at turn-off 


Use of aMOSFET with alow margin for the rating volt- 
age (VBR(Dss)) Can be achieved by using active protec- 
tion (i.e. Transil) in order to clamp the voltage spikes. 


One solution is to connect a Transil across the drain- 
source leads. In this case, the energy is dissipated 
in the Transil which has to be cooled in order to dis- 
sipate the average power. 

(1/2 LI?f = 20W with 40nH, 100A, 100kHz) 


We have chosen another solution by connecting the 
Transil across the drain-gate leads (figure 9). When 
the over voltage transient reaches the clamping volt- 
age, the clamping current goes through the gate resi- 
stance and biases gate above 5V. (ex : 1A into 5Q). 


This way, the clamping power is dissipated in the 
MOSFET and a smaller Transil is required (P = 1W 
at 100kHz in our case). 


As the Transil does not heat up, the clamping volt- 
age does not vary with temperature. The equivalent 
dynamic resistance is very low because the serial 
resistance of the Transil is divided by Rg and by the 
MOSFET transconductance. 

The current though the Transil being low, the volt- 
age to be considered for its choice is the breakdown 
voltage at test level (Var at IR) instead of the surge 
clamping voltage (Vc.). The Transil breakdown volt- 
age should be chosen to be lower than the maxi- 
mum desired clamping voltage less 5 Volts to take 
into account the MOSFET gate threshold voltage. 
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APPLICATION NOTE 


Figure 9 : Over Voltage clamping by a Transil across the Drain-gate Leads durring turn-off. (ISOFET 
TSD4M150V 100V — 14mQ). Upper Trace shows the Current in the Transil (IT). 
Ip = 20A(div, Vp = 20V/div, It = 1A/div, t = 100ns/div. 
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V - CONCLUSION 


MOSFETs switching power over 10kW have the 
same basic advantages as lower power Mosfet. The 
driving circuit remains very simple and the over cur- 
rent capability is huge. A specific emphasis has 
been placed on the minimization of circuit layout in- 
ductance. Because of the very fast switching (easily 
over 1000A/s) it is advantageous to use : 


packages like ISOFET which minimise their internal 
inductance and allow easy connection to printed cir- 
cuit board and to heatsink. Also Kelvin Source con- 
tact to minimise drive circuit interference. 


¢ double side printed circuit board with symmetrical 


1N4148 


BZW06-78 


copper tracks, reduced current concentration, and 
components positioned in order to minimise 
parasitic inductance. 

* overvoltage protection which avoids oversizing the 
voltage rating of MOSFETs in low voltage applica- 
tions. 
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APPLICATION NOTE 


APPENDIX 1 
MEASUREMENT OF PARASITIC INDUC- D simulates the connection of a capacitor with no 
TANCES ON A DOUBLE SIDED PCB internal inductance, connected on double sided 
. Inthe figure below, the link between points C and Printed Circuit Board. 


Figure 10. 
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. The measurements are made with a dl/dt gener- The measurement of the induction voltage 
- ator: VL between Ato B, and C to D, permits cal- 

- |=0to 40Amps with a dl/dt = 1000A/s culation of L = V_ / (dl/dt) 

MEASUREMENT RESULTS 

Figure 11. 


Lyp=3 51H (5430)  Lyp=30nH Beet: AE) 


Iyg=110nH (90+30) L »=30nH Iyg=l4nH (12+2) Ip=2nH 


‘MEASUREMENT CONCLUSIONS ¢ Every current path should be exactly above its 


'e Capacitors should be positioned in the same direc- return path on the other side of the board. 

tion as direction of current flow. Compare : d. to e. 

Compare : a. to b. ¢ Decrease local dl/dt density by enlarging copper 
¢ Several links between two large copper tracks are tracks. 

less inductive than a single link. Compare : c. to e. 


Compare : b. to c. 
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COMPACT HIGH PERFORMANCE BRUSH D.C. 
MOTOR SERVO DRIVES USING MOSFETS 


ABSTRACT 


For medium power (200VA to 6kVA) brush D.C. 
motor servo drives, MOS field effect transistors 
(MOSFET) are ideally suited. A compact high per- 
formance (20 to 50kKHz) 1.2kVA brush D.C. motor 
velocity servo drive, which has been developed and 
tested, is presented. SGSP477 and BYW8PI200 
high efficiency fast recovery epitaxial diode (FRED) 
are used in the 1.2kVA power stage. A 6kVA motor 
drive design using ISOFETs is also presented. 


TSD4M250 (ISOFET) and BYV54V200 FRED diodes 
are utilized inthe 6kVA design in which FREDs are used 
as the MOSFET series blocking diode and the free- 
wheel diode. Different power H-bridge configurations 
are chosen and justified for the 1.2 and 6kVA drives. 
Particular emphasis is placed on short-circuit protection 
techniques and simple gate drives. 


INTRODUCTION 


Brush D.C. permanent magnet motors are exten- 
sively used as velocity servo drives for high perfor- 
mance applications such as _ robotics and 
machine-tools. The high voltage D.C. (HVDC) supp- 
ly of the power stage for such motors rated up to 
6kVA is generally limited to 200V D.C. because of 
sparking of the commutator and brush assembly. 


The commutator has a maximum volts per segment 
rating atrated power above which there is excessive 
brush wear. MOSFETs are well adapted for medium 
power applications at voltages up to 500V. Conse- 
quently the ease of paralleling, high peak current 
capability and the ease with which MOSFETs can 
be controlled and protected make them ideal power 
semiconductor switching devices for such motor 
drives. Medium power brush D.C. motor voltage 
limitation of 200V D. C. enables fast recovery 
epitaxial diodes (FRED) to be used which have high 
efficiency due to very low conduction losses and 
negligible switching losses : 


BYW81PI-200 : FRED : 

Vi < 0.85V (IF = 12A ; T, = 100°C) 

tr < 35ns 

Block diagram schemes for brush D.C. permanent 
magnet velocity servo drives are discussed. Servo drive 
specifications shown in table 1 are considered and solu- 
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tions for the 1.2kVA and 6kVA motor drives are 
presented. The 1.2kVA motor drive is developed and 
tested. Protection, efficiency and -witching frequency 
requirements have strongly influe. ed the designs. 


Other than the power ratings, the parameters listed 
in the specification are common for many high per- 
formance servo drives. The main component in the 
design of the hardware is the power H-bridge 
switching ideally above the audio-frequency range. 
High frequency switching permits a compact power 
output filter to be used to filter the switching frequen- 
cy if so desired. 


SWITCH-MODE MOTOR DRIVE CONCEPTS 


Figure 1 illustrates a conventional pulse width mol- 
dulated (PWM) D.C. motor servo drive. The velocity 
demand and the tachogenerator feedback signals 
are compared and the resultant velocity error is 
amplified. This error is fed to the current servo 
amplifier where it is compared with the actual current 
flowing in the motor armature. The amplified current 
error is fed into a linear PWM generator. The control 
of the mark to space ratio of the PWM generator is 
achieved by comparing the input error signal with a 
constant frequency triangular waveform. This 
results in a fixed frequency PWM signal which is fed 
to the power stage. 


A switch-mode drive designed to the specification in 
table 1 comprises of : 


1/ Drive and protection for power devices 

2/ Power supplies 

3/ Regenerative energy clamp (4 quadrant con- 
trol) 

4/ Current loop 

5/ Control and logic for PWM and velocity servo. 


The block diagram of the drive which has been 
developed is outlined in figure 2. (The complete cir- 
cuit diagram is provided in figure 14). The differen- 
ces between the two schemes outlined in figures 1 
and 2 are that the current control loop and the PWM 
integrated circuit are eliminated in the second 
scheme. In the second scheme the velocity error is 
fed directly into a velocity Compensation and 
modulation c rcuit. The elimination of the current 
feedback lnop limits this scheme in so much as itcan 
not be usec in torque control applications. 
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Table 1 : Typical Brush D.C. Servo Drive Specification. 


Operating Temperature 
Regenerative Energy Dissipation 


Figure 1 : PWM D.C. Servo Drive. 


\. AC. MAINS 


REGENERATIVE 
POWER SUPPLIES & MAINS FILTER ENERGY 
CLAMP 


— r 
Velocity VELOCITY 

(5) ERROR pw 

Demand . DECODE 


COMPENSATION 


CURRENT FEEDBACK 
VELOCITY FEEDBACK 


Figure 2 : Schematic Diagram of Brush D.C.P.M. Motor Drive. 
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BRIDGE CONFIGURATIONS & MODULA- 
TION TECHNIQUES 


The bridge design must be capable of supplying bi- 
directional current to the motor for optimal four quad- 
rant control. This can be achieved by using a 
"T-bridge" or an "H-bridge", as shown in figure 3. 
The H-bridge is generally chosen since it requires a 
single power supply. The voltage rating of the power 
semiconductor devices matches the motor voltage 
rating for the H-bridge alternative. 


The H-bridge has eight operating modes when con- 
nected to a D.C. motor load. These modes can be 
seen in figure 4. Two of the modes increase current 
supplied to the motor winding in either direction. The 
other six operating modes reduce current in the 
motor winding and are commonly known as free- 
wheeling modes. Numerous switching modes are 
possible for PWM and current control. For example, 


Figure 3 : Bridge Configurations. 


D.C. MOTOR 


QUTPUT 


APPLICATION NOTE 


it is possible to PWM both the top and bottom 
devices in the bridge or simply either the top or bot- 
tom device. It is possible to use the PWM mark to 
space ratio such that the mark provides a positive 
rate of change of current in the motor winding and 
the space provides a negative rate of change of cur- 
rent. The control of the pulse width thus establishes 
an adjustable average voltage across the motor 
load. 


A modulation technique used in the developed 
servo drive is illustrated in figure 5. This modulator 
is based on "delta modulation" (reference 1). The 
mark to space ratio of the modulator output (0(t)), 
determines the conduction period of the MOSFETs 
in the H-bridge. The modulator comprises of the 
standard delta modulator (part A), the proportional 
term (part B) and the integral term (part C) of the PID 
controller. 


DC. MOTOR 
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APPLICATION NOTE 


Figure 5 : A PID Controller with Binary Output. 


SWITCHING DEVICES FOR A RANGE OF 
D.C. MOTOR SERVO DRIVES 


At medium power levels the MOSFET is ideally 
suited offering high switching speed, ease of paral- 
leling and simple gate drive and protection. SGS- 
Thomson has introduced a range of MOSFET 
devices in plastic isolated packages. The 200V 
devices, summarised in table 2, can be used to 
design a servo drive range from 600VA to 6kVA 
without the need to parallel MOSFETs in separate 
plastic packages. 


The MOSFET internal parasitic diode is too slow for 
applications requiring ultrasonic switching frequen- 
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cies. Excessive switching losses in the MOSFET 
can result from the reverse recovery time of the in- 
ternal parasitic diode (greater than 600ns). Noise is 
also induced on the supply rails when the conduct- 
ing diodes reverse recover. Table 2 specifies high 
efficiency ultra fast recovery epitaxial diodes for 
freewheeling. These diodes, having a conduction 
voltage of less than 0.85V at rated nominal current, 
are ideally suited as MOSFET series blocking 
diodes used to prevent the conduction of the internal 
parasitic diode. 


Figure 6 illustrates possible techniques for utilizing 
fast external diodes for the 6KVA brush D.C. motor 
design. 
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Figure 6 : 6kVA MOSFET Switch Configurations Using ISOFETs and FREDs. 


BYV54V200 


(FRED) 


TSD4Me250 


1 - without insulation. 


1.2.KVA BRUSH D.C. SERVO DRIVE 


Figure 7 illustrates the block diagram of the 
developed 1.2kVA brush D.C. servo drive. The H- 
bridge operates at a nominal voltage of 120Vpc. The 
D.C. motor in certain applications is driven by its 
load and hence is a generator of energy. This 
regenerative energy causes the HVDC rail voltage 
to increase as energy is stored in the smoothing 
capacitors. 


At a maximum voltage of 160Vpc, a resistive dump 
is turned-on to dissipate the regenerative energy 
and thus limit the HVDC to 160Vpc. The drive util- 
izes the velocity PID controller illustrated previously 
in figure 5. A current sense resistor is incorporated 
in the H-bridge to provide load current feedback 
necessary to limit this load current to the maximum 
continuous current rating of the drive. 


MOSFET based bridge-leg configurations have pre- 
viously been discussed (reference 2). The bridge- 
leg utilized comprises of "low-side" and "high-side" 


Manufacture : SGS - THOMSON i ; ‘ 
Switching Freq. > 20kHz 


Part N° Rpsvon) Part N° Ve at 
MOSFET 17, =25°C Tc. = Ge Diode FRED T, = 100°C POWER Vnom [nom 
(Q) (A) (°C/W) (V) (A) (VA) (V) (A) 
SGSP367' 0.45 10 1 BYW80PI1200 0.85 7 600 120 5 
SGSP477' 0.17 20 0.83 BYW81P1200 0.85 12 1200 120 10 
TSD4M2502 0.021 68 0.25 BYV54V200 0.85 50 6000 120 50 


Table 2 A range of brush D. C. motor velocity servo drives. 


, BYVS4V200 


TSD4M250 


Basic Brush D. C 
Motor Drive Spec 


- ISOFET : MOSFET chips in parallel in ISOTOP package. 


switches connected in series across the HVDC. In 
this asymetrical bridge-leg, (illustrated in figure 7), 
the rate of change of short-circuit current is limited 
by inductors (L1 and L2 : RM14 cores) which also 
limit freewheeling current from going through the 
parasitic diodes of the MOSFETs. At the 10A max- 
imum continuous current rating of the drive, these in- 
ductors are still a manageable size. This bridge-leg 
configuration is capable of withstanding simulta- 
neous conduction of the two devices in the bridge- 
leg since there are series inductors which reduce the 
rate of change of drain current. This provides suffi- 
cient time for the short-circuit detection loop to 
operate. The power devices are thus turned-off 
without being stressed with high rates of change of 
pulse currents. 


At a maximum continuous current rating of 10A, 
SGSP477 MOSFETs and BY81P1200 fast free- 
wheel diodes plastic packages are optimally rated 
for the 1.2kVA power stage. 
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Figure 7 : 1.2 Brush D.C. Motor Velocity Servo Drive (120Vpc ; 10A : nom.). 
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GATE DRIVES AND PROTECTION 


Similar gate drives and protection circuits, (il- 
lustrated in figure 8), have been used for the "high- 
side" and "low-side" switches. This CMOS gate 
drive is well suited as switching speeds of 100 to 250 
nanoseconds are sufficient in motor drive applica- 
tions requiring a switching frequency of around 20 
_ to 30kHz. Monitoring of the drain to source voltage 
while the device is conducting permits the detection 
of short-circuit conditions which lead to device 
failure. The device is turned-off before the drain cur- 
rent reaches a value in excess of the peak pulse cur- 
rent capability of the MOSFET. When the MOSFET 


MODULATED OUTPUT 


is turned-on the on-state voltage of the device 
(Vps(on)) is compared with a fixed reference voltage 
of approximately 8V. At the turn-on instant, Vpscon) 
monitoring is inhibited for a period of approximately 
400 nanoseconds in order to allow the MOSFET to 
turn-on fully. After this period, if Vpsion) is detected 
to be greater than the fixed reference voltage, the 
device is latched-off until the control signal is turned- 
off and turned-on again. 


The "high-side" gate drives have isolated low volt- 
age supplies and isolated command signals using 
high speed opto-couplers. 
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Figure 8 : An Isolated CMOS Gate Drive with Protection. 
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MOTOR DRIVE PERFORMANCE 


Figure 9 illustrates the dynamic response of the 
motor drive to a step demand of 4000rpm. The 
response has been optimised for the no-load case 
(trace 1). Under heavy load inertia there is an over- 


Figure 9 : Velocity Response of Motor Drive. 


1) NO LOAD RESPONSE 
2 LOADED RESPONSE 


SGSP477 


ICl (1/74) 


BSS100 


shoot in the velocity response (trace 2). The effects 
of changing the proportional gain and the integrator 
time constant of the PID controller can be seen in 
figures 10 and 11. 


Time scale : 0.5s/div 
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Figure 10 : The Effect Upon the Dynamic Response of the Analogue Velocity Servo System, when the Gain 
of the Proportional Term in the PID Controller is Varied. 
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Figure 11 : The Effect Upon the Dynamic Response of the Analogue Velocity Servo System, when the Time 
Constant of the Integrator in the PID Controller is Varied. 
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6KVA BRUSH D.C. MOTOR SERVO DRIVE 


Figure 12 illustrates the block diagram of the 
proposed 6kVA (120Vpc ; 50A) motor drive using 
ISOTOP packages for the MOSFETs in parallel 
(ISOFET) and the FRED diodes. 


Blocking diodes in series with the MOSFETs are 
proposed to prevent the MOSFET internal parasitic 
diodes from conducting. The asymetrical bridge-leg 
configuration is not a cost-effective solution since in- 
ductors rated for 50A continuous operation are large 
and expensive. The series blocking diode has to be 
an ultra fast high voltage type. If the transistor F2 
(shown in figure 12) is conducting, the drain to 
source Capacitance of the transistor F1 is charged 
to the HVDC voltage. If F2 is turned-off, the load cur- 
rent transfers from F2 to the free-wheel diode, D1. 
Consequently the series blocking diode, D2, sup- 
ports the drain to source capacitance voltage of F1 
(equal to HVDC) provided this capacitance is not 
discharged by turning-on F1. 
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An isolated D.C. current measurement device, 
(such as an Hall-effect current sensor, LT80-P, 
manufactured by LEM), is recommended for the 
measurement of load current necessary for current 
limit control. 


Pulse transformer based floating gate drives il- 
lustrated in figure 13 can be used forthe TSD4M250 
ISOFETs. The pulse transformer is used to transmit 
simultaneously the ISOFET logic command signal 
together with the gate to source capacitance charg- 
ing current. The current mirror technique (reference 
2) is used to provide short-circuit and over-load cur- 
rent protection. The pulse transformer operates at 
an oscillating frequency of 1MHz when a turn-on 
control signal is present. The secondary is rectified 
to provide gate source capacitance voltage. The 
current mirror provides a voltage "image" of the main 
drain current. This voltage is compared with a fixed 
reference voltage in order that the gate drive be 
latched-off whenever the drain current exceeds the 
specified overload current level. 
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Figure 12 : 6kVA Brush D.C. Motor Velocity Servo Drive (120Vpc ; 50A : nom.). 
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CONCLUSION 


MOSFET based brush D.C. motor velocity servo 
drives have been described, with particular em- 
phasis placed on the bridge-leg configuration, the 
PID compensation and modulation, the gate drive 
and protection techniques. The PID compensation 
and modulation circuits require few components to 
achieve good velocity servo performance. 


Figure 14 : 1.2kVA Switched-mode Motor Drive. 
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The development has led to a compact high perfor- 
mance 1.2kVA drive which is fully protected against 
output short-circuit conditions. A 6GKVA motor drive 
is proposed using ISOFETs. MOSFET switching 
devices and their associated free-wheel and bloc- 
king diodes have been specified for a range of brush 
D.C. motor drives rated between 600VA to 6kVA 
without the need to parallel MOSFETs in separate 
plastic packages. 
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A TRANSISTOR FOR 100 kHz CONVERTERS : ETD 


INTRODUCTION 

Power converter designers aim to reduce the size 
and the weight of their equipment. Hence, there is 
a trend towards higher operating frequencies. Con- 
sequently for the semiconductor manufacturers, 
there is a growing demand for fast switches. The 
POWER MOSFET transistor is now well known as 
a fast device. 

However, the development of ultra fast "ETD" bipo- 
lar transistors is now challenging this way of 


BY Luc WUIDART 


thinkingin certain applications. As an illustration, we 
have selected an example of a "300W - 100kHz for- 
ward" switch mode power supply (SMPS). 


VOLTAGE CONSTRAINTS 


This "forward" converter contains a single power 
switch and operates directly from the 220V AC 
mains. The principle wave-forms are illustrated in 
figure 1. 


Figure 1 : Basic Theoretical Wave-forms of the Forward SMPS. 
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The switch must be capable of withstanding a static 
collector-emitter voltage which, to a first approxima- 
tion, is given by : 

(1 + Np/np) x Vin, where, 

- Np = number of turns in the primary winding 

- Np =number of turns in the demagnetization winding 
- Vin = rectified mains voltage 

When operating on the 220V AC mains and when 
np equals np, the voltage across the switch ter- 


minals should only reach 750V in the worst case 
(corresponding to a maximum rectified mains value 
of 375V AC). 

In reality, the voltage across the switch terminals 
reaches a peak value (Vpeak) which is much higher. 
The peak value depends upon the switching time, 
the circuit capacitance and the leakage inductance 
Lt between primary winding np and the demag- 
netization winding np (see figure 2). 


Figure 2 : Leakage Inductance L+ between Primary Winding np and Demagnetization Winding np. 


DESIGN OF SNUBBER CIRCUIT 


At turn-off, energy stored in the transformer leakage 
inductance generates a voltage spike (figure 3). In 
order to limit this voltage spike, the energy must be 
transferred to the capacitor Cmin in the snubber cir- 
cuit. The energy depends on the switching current. 
Ina 300W SMPS, the peak value of the current Imax 


T000-020 


is 5A. It is this value of current which is used to cal- 
culate the value of the capacitance Cmin required. 


With a maximum voltage Vpeak, the value of Cmincan 
be calculated using the following formula : 

C Le x Went 
al Vpeak” - Vin mae (1 + Np/Np)* 


Figure 3a : Wave Forms of Switching Current and Voltage Across the Switch Terminals at Turn-off. 
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Figure 3b : Definition of the Voltage VcEott. VcEott is measured when the Collector Current Reaches 2 % 


of the Collector Icend. 


T000 022 


We call Vceotr the voltage which appears during the turn-off at the moment when the collector cur- 
rent Ic reaches 2% of Its value Iceng If the value Vceo# measured in the circuit is low compared 
to the rating Vcew of the transistor, the safety margin between the SOAR and the stress on the 
transistor is large. 


In practice, Vpeak can be set between 800 and 900V. 
To provide a safety margin, a switch with a blocking 
voltage capability of 1O00V must be used. This voltage 
corresponds to parameter Vcev for bipolar transistors 
and to Voss for POWER MOSFET components. 


For bipolar transistors, an additional parameter 
must be considered : the Reverse Biased Safe 
Operating Area : (RBSOA). The turn-off cycle must 
remain within the RBSOA, otherwise, the value of 
Capacitance must be increased from Cmin to a higher 
value Cr. 


Thermal dissipation in the snubber resistor, Rs (fig- 
ure 6), will be increased in the same ratio : 


tii X Imax 
CS ee 
2 X VcEott 


Table 1 : Transistor Characteristics. 


For the selected transistor, VcEof# must be less than 
the specified Vcew (see figures 3a and 3b). 


SWITCH TYPE 

In this application, three different types of switch 
using different technologies are considered. These 
are : 

- conventional bipolar transistor, 

- POWER MOSFET, 

- ultrafast bipolar "ETD" transistor (see appendix). 
Table 1 summarizes the performances of these 
types of switches under operating conditions, i.e., 
for a junction temperature of 100°C and with an op- 
timized gate/base drive (optimized totem-pole drive 
for POWER MOSFETs and negative bias drive for 
bipolar transistors). 


Characteristics at Tj = 100°C "Totem-pole" gate drive. Base drive with negative bias. Same silicon 


area for each switch. 


Blocking Voltage 
a 
STHV 102 
4Q 

BUV 48 
BUF 410A 

1 V 
ETD Transistor 


Conduction 
(T; = 100°C) 


Rpson;s VcEsat 


Switching Time 
a a = 100°C) 


85ns 
(60A/us) 250ns 2.8V (5A) 
50ns 
2.8V A 
(100A/us) 100ns 8 (5A) 
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The first point to notice is that at turn-off, an ETD upon the size of the snubber. With a leakage induc- 


transistor is as fast as a POWER MOSFET. tance of 6.5uH and a current of 5A, a capacitor Cmin of 
More surprisingly, the ETD transistor is twice as fast value 680pF is sufficient to limit the voltage Vpeak to 
as a POWER MOSFET at turn-on. 900V (fig. 4) : 


Let us now consider the effects of the characteristics 


Figure 4 : Comparison of Turn-off Cycle Within the Safe Operating Areas for the Three Different Switches. 


RBSOA of conventional bipolar transistor 


Load-ine with LoacHine with 
Cmin = 680pF Cy = 1.6nF 


1000 = Voce [V) 


80A of a Power MOSFET 


Loacine with 
Cmin = S80pF 


RBSOA of the ETD transistor 


Load-line with 
Cmin = 680pF 


4/7 (7 SGS-THOMSON 
4 MIcROELECTROMICS 
64 


- However, a capacitor C; of 1.8nF is required to limit 
the Vcéot voltage to a value that is within the 
RBSOA of the bipolar conventional transistor. 

- In comparison, the POWER MOSFET and ETD 
transistors can be kept within their safe operating 
areas with a capacitor of only 680pF. 


LOSS EVALUATION 
For the 300W forward SMPS operating at 100kHz, 


APPLICATION NOTE 


the following assumptions have been made. 

The losses have been evaluated assuming acurrent 
Inom Of 4A, corresponding to the nominal output 
power. A current of 2.8A rms is obtained with a duty 
cycle of 48.5%. For a realistic comparison, conduc- 
tion losses were reduced by paralleling two POWER 
MOSFETs (the conduction losses of a single 
POWER MOSFETs would be approximately 43W). 
The results of this evaluation are as shown in Table 2. 


Table 2 : Results of Loss Evaluation for the Conventional Bipolar Transistor, the two paralleled Power 


MOSFET and the ETD BUF 410A Transistor. 
ee oe ee BUV48A 2 x STHV102 BUF410A 
Snubber C, 1.8nF 680pF 680pF 
(RCD) 
Pr* 51W 19W 19W 
Ea ZC 


Drive 


TOTAL 
LOSSES 
(RCD + COM) 


* Pris the power dissipated in the resistor of the snubber circuit. 


- for this application, the ETD transistor requires no 
more silicon area than a conventional bipolar tran- 
sistor. 

- the ETD transistor uses the same value of snubber 
capacitance as a POWER MOSFET. 

- conduction losses in the ETD and the conventional 
bipolar transistor are the same. 

- the ETD transistor has the lowest switching losses 
of the three devices considered. 


In our example, at 100kKHz, the superior perfor- 
mance of an ETD transistor results in about a 50% 
reduction in losses as compared to the BUV48A and 
30% compared with POWER MOSFETs. 


CONCLUSION 


The example described in this paper (300W - 
100kHz SMPS), figure 6 shows that of the three de- 


a el 


vices considered, the ETD transistor is the op- 
timum cost/performance solution. 


In addition, as a result of its fast switching capability 
(tr< 50ns ; tfi< 100ns) and its extended RBSOA, the 
ETD transistor can be successfully used in other ap- 
plications such as resonant converters, motor drives 
or uninterruptible power supplies. 


ETD transistors with blocking voltage capability 
higher than 1000V are under development. These 
transistors will enable higher switching frequencies 
to be used in equipment supplied directly from the 
380/440V mains supply. 


(7, SGS-THOMSO ee ee eee 
> | tect ana 


65 


APPLICATION NOTE 


APPENDIX | 


WHAT MAKES ETD TRANSISTORS SO AT- 
TRACTIVE ? 

The new generation of ETD transistors adapted for 
high voltage applications is designed with an inovative 
technology utilizing a high degree of interdigitation. 


The most innovative feature of this technology con- 
sists of the replacement of the traditional bipolar 
structure with emitter fingers (size : 250m) by a cel- 
lular structure with much smaller dimensions (80um 
cells). This cell design considerably eases the ex- 
traction of charge stored in the transistor during 
each switching cycle, since access to the intrinsic 
base Is easier. This makes it possible to reduce 
switching times to values as low as 100ns. 

The "Planar" technology has been selected for two 
reasons : 

It permits extension of safe operating area at turn- 
off. Moreover, it requires a reduced number of 


Figure 5 : Curve Illustrating the Variation of Storage 
Time tsi versus Conduction Time tp. 
(ETD transistor BUF410A). 
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masking levels with respect to conventional high 
voltage "mesa" power technologies. 


REGULATION DYNAMICS 


In SMPS or motor drive applications, the minimum 
conduction time is a fundamental parameter when 
considering the dynamic regulation. The delay time 
at turn-off of the POWER MOSFETs specified in the 
data sheet is sufficiently low. 

In the case of bipolar transistors, storage time de- 
pends on conduction time. In our application at 
100kHz, conduction time must vary from less than 
one microsecond to five microseconds. In the 
BUF410A data sheet, the curve showing the varia- 
tion of storage time, ts, versus conduction time, tp, 
shows that storage time varies from zero to 750ns 
maximum (see Figure 5). Consequently, the regula- 
tion dynamics are not limited. 
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Figure 6 : Schematic Diagram of an ETD BUF410A Transistor Implemented in a 300W — 100kHz Forward 
SMPS Application. 
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APPLICATION NOTE 


AN INNOVATIVE HIGH FREQUENCY 
HIGH CURRENT TRANSISTOR CHOPPER 


INTRODUCTION 


Recent developments in power semiconductors and 
associated technologies have made possible the 
realization of medium power converters (5-50kVA) 
operating at switching frequencies higher than 20kHz. 


This paper presents the design of a high current 
(500A), high frequency (20kHz) chopper using fast 
Darlington switches operating from a low voltage 
supply (60V). New optimised design techniques for 
paralleling power semiconductor devices are 
described. The association of these methods allows 
the switching of 500A in less than 200ns. 


These new techniques are also suitable for high volt- 


Figure 1 : Switches used in the Chopper. 


ESM 2012 D 


VceEw = 125V 
Vcev = 150V 
VcEsat (100°C) < 1,5V 
for lc = 70A 
Ip =0,25A 
ti(100°C) < 0,4ms 
Rth = 0,7K/W 
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age medium power converters operating at high 
switching frequency, such as UPS, welding con- 
verters, motor drives and battery chargers. 


A 500A - 20kHz CHOPPER WITH DARLINGTON 
IN PARALLEL 


High frequency bandwidth and regulation is 
achieved for the 500A output current by switching at 
an ultrasonic frequency of 20kKHz with a turn-off time 
of less than 200ns. Consequently, high rates of 
change of current (in excess of 2000A/us) are ex- 
perienced. Six Darlington transistors (ESM2012 D) 
in parallel and four ultra fast rectifiers (BYV54-200) 
in parallel are used to achieve the current rating. 
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BYV 54-200 
VrRro = 200V 


Ve(100°C) < 0,85V for IF = 50A 
Rth = 1,2K/W 
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Figure 2 : New Base Drive Concept which Automatically Generates the Negative Bias. (The negative bias 
generated is independent of the duty cycle). 
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APPLICATION NOTE 


A power Darlington and diodes are shown in figure 1 
together with their important characteristics. Figure 
2 shows the power stage and the base drive circuit. 


A base current of 5A is sufficient to control a collector 
current of 500A. The static and dynamic sharing of 
the collector and base current between the paral- 
leled devices is better than 90% provided : 
a) The devices are mounted in a circular layout on 
a common heatsink as shown in figure 3. 


Good utilization of the heatsink is achieved using 
this physical layout. 

b) The bases of the output stages of the Dar- 
lingtons must be linked together. The access to 
the bases of the output stage of the ESM2012 
D Darlingtons enables this. 


Due to excellent current sharing, the Darlingtons 
can be used close to their nominal collector current 
rating. 


Figure 3 : Circular Geometry for the Physical Layout of Power Devices. 


Top view 


The BYV54-200 ultra fast rectifiers in parallel are not 
derated as these fast recovery epitaxial diodes have 


Figure 4 : Power Stage. 
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Side view 


negligible voltage drop (Vr) spread. 
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Low wiring inductances are required for high perfor- overvoltage spikes at turn-off. 
mance switching as parasitic inductances cause 


Figure 5 : A Low Wiring Inductance is Necessary in Order to Avoid High Over Voltages at Switch off. 
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The 500A chopper has been designed with a low in- sists of 2 parallel copper plates separated by a thin 
ductance plate wiring method. The plate wiring con- adhesive insulator (see figure 6). 


Figure 6 : Low Inductance Wiring. 
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Wiring inductances as low as 5nH/m can be 
achieved in a 500Arms circuit using plate wiring. 


The parasitic inductance of the power stage of the 
500A chopper (capacitor + Darlington + free-whee- 
ling diode) has been estimated at 20nH. Such a 
reduction of wiring inductance in the power stage 


APPLICATION NOTE 


and the base drive allows : 


* Very high switching speed of the Darlingtons 
at turn-on and turn-off : 2000A/us. 


* At turn-off an overvoltage of only 50V is ex- 
perienced by the Darlingtons for a dl/dt of 
2000A/us. 


Figure 7 : Turn-off Switching of the Fast Darlington Switch. 


Ic. VcE 
100A/div 
20V/div 


The ISOTOP package is used for all the power semi- 
conductor components in order to optimize cooling 
and wiring. 


The package has screw terminals on the top of the 
Figure 8 : A High Current Package : ISOTOP. 
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Heat sink 


CONCLUSION 


The design of a 500A - 20kKHz chopper using fast 
switching Darlingtons and diodes has been 
presented. 
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= 100ns/div 


case suitable for plate wiring, low parasitic induc- 
tance due to its low profile and internal insulation 


with low thermal resistance. 


Electrical 
Insulation 
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The power semiconductor components have been 
packaged in the ISOTOP package, allowing screw 
connections and plate wiring techniques to be used. 
The techniques developed also can be applied in 
the design of medium and high voltage converters. 
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APPENDIX | 


LOW INDUCTANCE WIRING 
1. Modelling an inductance 
The inductance of wiring made with circular 
cross section wire, can be modelled as the sum 
of two terms : 
a) Self inductance of one wire : 


TOOO 101 


L, = ue (H/m) Eqn.1 
87 


b) Mutual inductance of the loop : 


O b-a Fad lis. 

Lo= — L, (H/m) Eqn.2 kes! 
The total inductance of the wiring os thus : | ! 
nO 1 b-a 
= oe H ; 
Lr= — (7 +In——) (Him) Eqns ae 


LT depends strongly on the geometry of the circuit. The best way to decrease LT is to decrease the area of 


the loop : 
TO00 102 
SSS 
2. TECHNOLOGY FOR LOW INDUCTANCE WIRING 
T000 103 


adhesive —»{ssssssssssd >> copper 


L=n0. 


| = 500A, & = 20A/mm?, W = 50mm, d = 1mm 
=> L = 20nH/m 


Eqn.4 
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APPENDIX II 
The cooling ability of a heatsink is not linearily dependent on its length 


TO00 104 
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Losses 


Separation of heat sources is thus necessary to optimize the cooling 


500w 5OOw 
ag = 50° jo SS weight +0,7 
$$$ ——______—_—__—_—_ 
0,7? 


1000w 
AQ = 50° SS =" — Weight = 1 


I) 


10 


Length, volume and weight can be reduced in some case by a factor of /2 if heating sources are spread 
over the heatsink 
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A POWER STAGE FOR A 20kHz 10kKW SWITCHED MODE 
POWER SUPPLY FOR THE INDUSTRIAL 380/440V MAINS 


INTRODUCTION 


The theory of transistor converters operating from 
the single phase 220V mains is not the same as that 
for switched mode power supplies operating directly 
from the 380V and 440V mains and delivering an 
output power of more than 10kW. For the latter the 
increased technological constraints must be taken 
into account when designing such a converter. This 
paper explains the design of a 10kW - SMPS 
operating on the three-phase 380V - 440V mains 
and the solutions which have been found to resolve 
the technological problems. 


CHOICE OF THE CONVERTER STRUC- 
TURE 


The converter has been designed for a supply from 
the 380V and 440V mains. It must provide an output 
voltage of 80V and an output power of 10kW. The 


operating frequency has been chosen to be 20kHz. 


There are several possible solutions for the topology 
of the converter. The choice of topology has been 


Figure 1 : Full Bridge Converter. 


By Jean BARRET 
strongly influenced by technological considerations. 


CONVERTER TOPOLOGIES FOR THE 
10kW - POWER RANGE 


Considering the high supply voltage and the switch- 
ing frequency of 20kHz, converter topologies ap- 
plying a voltage in excess of the supply voltage to 
the transistors, or necessitating a power transformer 
with a low leakage inductance have been elimi- 
nated. Transformers with a low leakage inductance 
that respect the insulation standards are difficult to 
manufacture. The one transistor "forward" converter 
and "push pull" converter are thus eliminated. 


The choice of the converter topology is reduced to 
two converter types : 


- The full-bridge (figure 1) which is a symmetrical 
structure with alternating magnetic polarisation. 


- The asymmetrical half-bridge (figure 2) in which 
the magnetic polarisation is uni-directional. 
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Figure 2 : Asymmetrical Half Bridge FORWARD Converter. 


CHOICE CRITERIA 

Theoretically the complete bridge is the solution for 
high output power : at equal output power the trans- 
former is half as big as that of an asymmetrical half 
bridge. 

In practice, there exist a certain number of second- 
ary parasitic phenomena which reduce the advant- 
ages of a symmetric structure in comparison to the 
half bridge. One of these phenomena is that a full 
bridge is never perfectly balanced. A circuit to cor- 
rect the symmetry must therefore be designed in 
and the transformer must be slightly larger to avoid 
saturation due to dissymmetry. 

The full bridge necessitates the use of 4 bidirectional 
switches and therefore of 4 galvanically isolated 
drive circuits, whilst the half bridge only requires 2. 
Simple switching aid networks cannot be directly ap- 
plied to a full bridge, due to the direct coupling be- 
tween the upper and_ lower _ switches. 
Supplementary chokes therefore have to be added 
which would complicate the circuit considerably. 


The asymmetrical half bridge does not have these 
problems. The input current of the asymmetrical half 
bridge has a bad form factor. Consequently and 
contrary to a full-bridge, the input filter capacitors of 
a half-bridge are subject to a high RMS-current. 


These different considerations led us to choose an 
asymmetrical half bridge. The experiment has 
shown that our choice was reasonable and we think 
today that for an output power in the 10kW area, the 
asymmetrical half bridge presents the best technical 
and economical compromise. 


For a substantially higher output power the full 
bridge seems to be preferable. Alternatively, 2 
asymmetric half-bridge circuits can be used, opera- 
ting in antiphase. 


THE ASYMMETRICAL HALF BRIDGE 


GENERAL CIRCUIT DIAGRAM 


The figure 3 shows the basic circuit and the principal 
voltage and current waveforms of an asymmetrical 
half bridge. 


In this converter, the transistors T1 and T2 are 
driven simultaneously. They conduct for a time 
t and are off for the rest of the period, T —. 


The diode D1 on the secondary conducts while the 
transistors are conducting (time t). The secondary 
current (during time t) goes through the inductance 
L. The diode D2 operates as a free-wheel diode 
(time T — 7). 
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Figure 3 : Forward Asymmetrical Half Bridge Converter. 


APPLICATION NOTE 


THE MAIN FEATURES OF AN ASYMMETRICAL 
HALF BRIDGE 


The main features of an asymmetrical half bridge 
are : 


The power transformer and ferrite core. Litz wire 
is used for the primary because of its reduced skin 
effect. The low leakage inductance is obtained by 
winding a half-primary and a half-secondary onto 
each leg of the transformer. A reduction of the duty 
cycle with increasing input voltage limits the mag- 
netisation of the core. This reduces the transfor- 
mer’s volume to a minimum. 


The Power Switches. The simultaneously driven 
power switches must be fast. Their drive must not 
be disturbed by parasitic signals. To obtain a good 
voltage safety margin, turn-off snubbing networks 
are necessary. 


Rectifiers and filter components. The choke in- 
ductance is the principal component of the output 
circuit. As far as possible, the inductance must be 
high, so that the maximum current in the power 
switches and the recifier diodes is as low as 
possible. Fast recovery diodes are used to reduce 
the switching oscillations. The use of an RC net- 
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work in parallel to each diode reduces the voltage 
ripple on the output. 


Safety. In power equipment, safety is a fundamen- 

tal element which must be considered from the 

very first stages of design. The principal active 

safety elements we introduced are : 

a. current limitation for the power switches, 

b. a soft start, 

Cc. protection against overload on the output, 

d. control of auxiliary voltages, 

e. control of the transformer core magnetisation, 

f. minimum conduction time for complete dis- 
charging of the snubbers. 


Control. The control circuit was developed with an 
integrated circuit, the UAA4006. Amongst other 
things, this circuit contains several protection 
functions. The output voltage is detected by 
means of an extra winding on the filter choke. The 
free wheel diode is conducting during the demag- 
netisation phase of the filter choke. During that 
time interval the voltage across the filter choke is 
equal to the output voltage. This voltage is fed to 
the control IC. The control IC also provides the 
features a-f listed above for safe operation. 
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THE POWER SWITCHES 


For the 10kW switched mode power supply opera- 
ting from the 380V - 440V mains two fast power swit- 
ches able to switch 100A with a maximum supply 
voltage of 7OOV are required. 


There are two possible solutions when choosing the 
power transistors. 

1. To choose transistors with Vcew higher than the 
maximum voltage the switch has to sustain. 
Theoretically, this would allow a design without 
turn-off switching aid networks. 

2. To choose transistors with Vcew higher than half 
the maximum supply voltage and with a Vcev 
rating higher than the maximum voltage the 
switch has to support. 


The second solution has the advantage of better 
switching performance than the first one. 


Figure 4 : Power Switch. 


| 
| 
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The switching times must be as short as possible 
since the minimum conduction time is of the order 
of 7us and during a short circuit at the output about 
2 to Sus. 


Our choice is a Darlington combination using 
ESM6045A (fig. 4). 


PRINCIPAL CHARACTERISTICS OF THE TRAN- 
SISTORS USED 


ESM6045A 
- Vcew > 450V 
- Voev > 1000V (Vee = — 5V) 
- VoEsat > 2.0V 
- ti< O.6psS 
lc = 60A and |p = 2.4A 
\ Tj = 100°C 


- tsi < 6.0uS 
- tt< 2.0us 


ESM6045A 


Note that this type of transistor is mounted in an ISO- 
TOP package. The insulation voltage between the 
die and the bottom of the case is 2.5kV AC-RMS. 
This not only avoids external insulation but also 
considerably reduces the capacitance between the 
transistor and the heat sink, hence gives a reduction 
in RFI. 

A certain number of precautions are required when 
using transistors with Vcew lower than the maximum 
voltage, to which the switch is subjected : 


- A base-emitter resistance must be connected to 
each transistor (value ‘stated on the data sheet), 
which insures a static blocking voltage of 700V 
and therefore protects the switch against any 
problem arising from the negative bias. Neverthe- 
less the auxiliary voltage should be monitored. 


- A turn-off switching aid network must be con- 
nected to each switch to insure that the load line 


stays in the RBSOA at switch off. In our case, the 
network has to be calculated so that the collector- 
current reaches zero before the collector-emitter 
voltage reaches 450V. 


The driver circuit must be capable of providing suf- 
ficient base current with an optimized waveform. 


The conduction time of each transistor will always 
have to remain higher or equal to the time necess- 
ary to discharge the snubber capacitor even in the 
case of an overload. 


If these precautions are respected, the voltage 
safety margin is the same as if very high voltage 
transistors were being used. 


BASE DRIVE CIRCUIT 


The base drive turns the transistor switches on and off 
as determined by the electronic control and safety cir- 
cuit. 
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The positive base drive is regulated in order to main- 
tain the power transistors in quasi-saturation. This 
reduces the effect of parameter spread of the power 
transistors and simplifies the paralleling. The stor- 
age and fall times are also reduced by this means. 


Figure 5 : Base Drive Circuit. 
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The base drive must have a high immunity to elec- 
trical disturbances (dV/dt for example). The input in- 
terface uses a driver transformer with a bobbin with 
two segments. The base drive circuit for one switch 
is shown in figure 5. 


ESM6045A 


ESM6045A 
Pen ee ad el 


| 
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BZ2X55C11 
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APPLICATION NOTE 


Figure 6 : Wiring for High Power Switching. 


a) Base Drive with Poor Wiring. 


b) Base Drive with Recommended Wiring. 
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WIRING PRECAUTIONS 


Special care must be taken concerning the wiring of 
the fast high power switches. The switching speeds 
being in the order of 200A/us (much more if they are 
not limited), current/voltage oscillations are induced 
in the leads. 


It is therefore necessary to pay particular attention 
to the wiring to reduce the parasitic inductance : 


The connections between transistors, and to the 
drive must be as short as possible (figure 6) and 
form very small wiring loop areas. 


Try to obtain the highest symmetry possible be- 
tween the paralleled transistors. The spread of the 
transistor -characteristics is only of second order, 
(for components of the same type and from the 
same manufacturer) the spread in switching times 
is essentially a result of the wiring dissymmetry. 


The reference point for the driver must be the 
emitter connection of the power transistor. Fig- 
ure 6a shows an example where the zero point of 
the driver circuit is disturbed by voltages created 
by the fast rise and fall (dl/dt = 50A/us) of the out- 
put current of the driver stage. 


The decoupling capacitors must be connected as 
close as possible to the switches. 


The decoupling capacitors must have low equival- 
ent series inductances and resistances. To further 
reduce the impedance of the decoupling capaci- 
tor, multilayer film Capacitors with low parasitic im- 
pedance have been connected in parallel to the 
electrolytic capacitors. 


THE SNUBBERS 


A turn-off switching aid network is needed due to the 
Vcew rating of the switching transistors which is 
lower than the supply voltage. To obtain high effi- 
ciency from the power supply, switching aid net- 
works with energy recovery have been choosen [2|. 


Due to the reverse recovery behaviour of the diodes 


these snubbers do not operate in an ideal way. The 
reverse recovery current of the diode Dacs (fig. 7) 
causes some problems. 


The reverse recovery time, trr, is dependant on the 
diode technology and the switching conditions. 


The reverse recovery current of this diode has sev- 
eral consequences. 


With a low load on the output of the power supply 
it produces a reverse collector-emitter current in 
the transistor. The transistor can be protected 
against this current by means of an antiparallel 
diode between collector and emitter. 


The reverse recovery current of Dacs partially re- 
charges the capacitor C1 (and discharges C2), 
figure 7. 


It also flows through the choke L. If the stored en- 
ergy is not discharged it will generate overvolt- 
ages. The diode Daca clamps and limits this 
overvoltage to the supply-voltage. Unfortunately, 
the current through this "clamp" recharges C1 still 
more (fig. 8). 


Diode Dac3 must be chosen with care. To reduce the 
parasitic phenomena it must have avery fast recovery 
characteristic. The type BYT30-1000 was used. 


The resistor (R) parallel to the diode Dac1 allows the 
complete discharge of the capacitor C1 during the 
conduction time of the transistor (figure 8). This in- 
creases the snubber losses, but they are still signi- 
ficantly reduced (~ 30%) when compared to those 
of a conventional RCD-snubber. 


These modifications to the snubber with energy re- 
covery are justified with high switching frequencies 
(e.g. : 20kKHz) and when the minimum conduction 
time is short. In this case the snubber must reset 
very rapidly and the parasitic phenomena of the 
components can no longer be neglected. 


The other components of the snubber are chosen in 
the same way as those for the conventional RCD- 
snubber. 
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Figure 7 : Non Dissipative Snubber. 


Figure 8 : Complete Diagram of a Power Converter Output Stage. 
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CONCLUSION 


The technological constraints are very important in 
the design of converters supplied from the 380V - 
440V mains. 


The use of high voltage transistors with a Vcew 
rating lower than the supply voltage requires certain 
precautions, but enables a fast switching speed to 
be achieved. 


The magnetic components (transformer, filter- 
choke), technological choices are also important 
since they affect the overall performance of the 
equipment as well as their influence on the size of 
the active components. 


Adding the snubber with energy recovery increases 
the efficiency of the power supply and the overall re- 
liability. 

This circuit constitutes a basis for the development 
of switched mode power supplies in the power range 
of 1 to 10kW for power supply, welding induction 
heating, battery charger and other high power appli- 
cations. 
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APPLICATION NOTE 


POWER SEMICONDUCTORS FOR HIGH FREQUENCY 
AC/DC CONVERTERS SUPPLIED ON THE 380/440V MAINS 


INTRODUCTION 


This paper is the result of the development in our la- 
boratory of different switches and converters able to 
operate at ultrasonic frequency, supplied directly 
from the rectified 380/440V mains. 


This paper presents, in the first part, a typical spe- 
cification for the converter and power switches. 


The second part describes several switches and 
driving circuits optimized for those requirements. 


1. SPECIFICATION : 


Our objective was to develop switches and drivers 
optimized for AC/DC converters supplied on the in- 
dustrial 380/440V mains, switching at ultrasonic fre- 
quency as used in Switch Mode Power Supply, 
battery charger or welding converter applications. 


We based our development on the design of a 5KW 
asymetrical half bridge (2 transistor forward) conver- 
ter. An equipment of 10kW could be design with the 
same switches mounted in full bridge or in the as- 
sembly of two asymetrical half bridge operating in 
antiphase. 


Because of the high voltage supply, the blocking 
voltage capability of the switches is 1000V. In order 
to minimize the transformer and filters size and the 
acoustic noise a switching frequency over 20kHz is 
required. 

In a 5kKW asymetrical half bridge supplied by the 
380V mains, the maximum duty cycle of conduction 
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of the power switches is 50% ofthe total period. The 
current in the switch is 154A. Consequently the RMS 
current in the switch is 11A. 


In order to use avery small heatsink the conduction 
losses in each switch are minimized (30W). 


Auxiliary supplies for the power switches are also 
excluded in order to minimize the volume and the 
cost of the auxiliary circuitry. 


2.A1000V MOSFET SWITCH : 


Power MOSFET technology is well adapted for the 
design of switches able to operate at high fre- 
quency. 1000V MOSFETs exist and they present 
the classical advantages of the MOSFET technol- 
ogy : low drive consumption, good turn-off safe 
operating area, high over current capability, ... 


But the resistance of the epitaxial layer required to 
withstand the blocking voltage Vp as. ( (if 250V) is ap- 
proximately proportionnal to Vos“ Consequently, 
the on resistance of the Power MOSFET increases 
rapidly with the blocking voltage capability Vpss. 


The only way to reduce the conduction losses with 
a 1000V MOSFET is to operate at very low current 
density and to use very large die areas. 


In our design, one switch requires a Ron of 0.15 0hm 
(Tj = 25°C). That means the paralleling of 
295xSTHV102 (3.5 ohms in SOT93 package) or 
more reasonably 5xST5MG40 (0.7 ohm in ISOTOP 
package). 


Figure 1 : ON Resistance Rion) versus Blocking Voltage Voit. 
(die area = 1mme - junction temperature = 100°C). 
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APPLICATION NOTE 


The gate drive presented in figure 2 provides the gal- 
vanic isolation of the drive signal and avoids auxil- 
iary supplies. 

When the signal MOSFET T71 is on, the power MOS- 


Figure 2 : Schematic of the Power Switch and Driver. 


3. ACASCODE/EMITTER SWITCHING SWITCH : 


50V high density Power MOSFET can operate at a 
current density 100 times the current density of 
1000V MOSFET for the same conduction losses 
(typically 2A/mm2 instead of 0,02A/mm2). 

The current density of a 1000V bipolar transistor is 
in the region of 0.4A/mm*. For applications requiring 
the same current capability and the same dissipa- 
tion, the 1000V MOSFET requires about 30 times 
more silicon than the equivalent bipolar solution re- 
sulting in a substantially higher power switch cost. 
Bipolar transistors developed with highly interdigi- 
tated technologies such as the Easy-To-Drive tech- 


FET T is on. When the signal MOSFET T2 is on, the 
driving transformer is short circuited and discharges 
the gate source capacitance of T, turning Power 
MOSFET T ’off’. 
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Core. 76A FT 25 (LCC) 


nology (ETD) have a very fast fall time compatible 
with operation at high frequency. 


Consequently a solution using a high density 50V 
Power MOSFET (STVHD90) and a 1000V bipolar in 
ETD technology (BUF420A) in cascode configura- 
tion has been developed. 


The driving circuit presented in figure 3 requires only 
one transformer to provide the voltage control of the 
MOSFET and the base current of the bipolar. 


When the signal MOSFET T1 is on, the power 
switch T is on. The turn-on of the signal MOSFET 
T2 turns-off T. 
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Figure 3 : Schematic of the Cascode Switch and Driver. 
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As presented in figure 4, the cascode switch is very 
fast at turn-off. A Storage time less than 500ns and 
fall time less than 20ns have been obtained. The 
rate of fall of the collector current is very high 
(2000A/us). The use of low inductance wiring meth- 
ods and packages is a condition for the design of this 
circuit. A turn-off snubber (R, C) limits oscillations 


Figure 4 : Cascode Switching Waveforms. 
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Ves : 200V/div. 


and maintains the bipolar switch inside its specified 
Reverse Bias Safe Operating Area. 

The rate of rise of the collector current (dl/dt)on at 
turn-on is limited in the converter by the leakage in- 
ductance of the power transformer. Therefore turn- 
on speed of the switch is not very critical. A (dI/dt)on 
of 50A/s has been obtained. 


turn-off 
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4. BIPOLAR SWITCH: 


The elimination of the 50V high density MOSFET is the 
last step to reduce the conduction losses and the num- 
ber of power packages. But the remaining bipolar tran- 
sistor must be driven with a negative bias on the 
base/emitter junction in order to obtain fast turn-off and 
a blocking voltage capability extended up to VcEv. 


Figure 5 : Bipolar Switch and Driver. 
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With this circuit, a BUF420A switches 20A with a 
storage time of 2us and a fall time of 50ns at 
Tj = 100°C, see figure 6. 


Figure 6 : The Bipolar Switching Waveforms. 
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In the circuit presented in figure 5, when T1 is onthe 
power switch T is on. T is turned-off when T2 and 
T3 are on. T2 drives the negative base current of T 
and is turned-off after 3us. T3 resets the magnetic 
flux in the driver transformer before the next turn-on 
of T. 
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5. CONCLUSION : 

This paper proposes different switches and drivers 
able to operate in AC/DC converters switching at 
ultrasonic frequency and directly supplied from the 
rectified 380/440V mains. 

The availability of 1000V MOSFET makes possible 
the design of switches with high frequency capa- 
bility, large turn-off safe operating area, large over- 
current capability and easily controlled gate drive. A 
limitation of this solution is in the trade-off between 
the conduction losses and the current density. A me- 
dium current 1000V MOSFET switch needs several 
packages in parallel or a big heatsink. 

A switch developed with 1000V bipolar transistor 
has low conduction losses and few parallel pack- 
ages. Thanks to the use of highly interdigitated very 
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fast technology (ETD) the switching speed is com- 
parable to the MOSFET solution. But the turn-off 
delay time is longer and the driving circuitry is more 
complex than a MOSFET circuit. 


A Cascode circuit has the advantages of both bipo- 
lar and MOSFET technologies. It allows low dissipa- 
tion with short turn-off delay time and simple driving 
circuitry. High density low voltage MOSFETs mini- 
mises the increase of the forward drop. Because of 
the very fast turn-off speed, special care must be 
taken with the wiring. 


Driving circuits using only one transformer to pro- 
vide the galvanic isolation power/logic and the en- 
ergy to drive the power switches are also presented 
and adapted to each configuration of power switch. 


(4) New design considerations for increasing switch- 
ing frequencies in transistorized high voltage 
converters by P. Maugest and L. Perier (IEE 
Birmingham 1986) 


(5) Optimized power stages for high frequency 
380/440V AC medium power switch mode sup- 
plies by C.K. Patni and L. Perier (IEE London 
1988). 


: 5/5 
Kyy Seacecnoncs 


91 


SGS-THOMSON 
NICROELECTROMICS 


ST] 


APPLICATION NOTE 


OPTIMISED POWER STAGES FOR HIGH FREQUENCY 
380/440VAC MEDIUM POWER SWITCH MODE SUPPLIES 


ABSTRACT 


This paper presents the elements necessary to 
make the optimum choice of power semiconductors 
(for the transistors and secondary diodes) and the 
power stage configurations for medium power 
SMPS (from 1kVA to 15kVA). 


The power stage practically realized comprises of 
an asymmetrical bridge forward converter. An op- 
timised power switch combining bipolar and MOS- 
FET technologies is developed. It is capable of 
switching in excess of 50A at 25kHz on the 
380/440VAC rectified three phase mains. 


Secondary diode choice depends largely on the 
transformer ratio and the desired output D.C. volt- 
age. Conduction losses at 25kHz govern the choice 
of secondary diodes. 


Figure 1 : Block Diagram of a Medium Power SMPS. 


Rectification 
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INTRODUCTION 

System designers of switch-mode solutions for 
electric welders, battery chargers and computer 
power supplies need to choose the power-stage 
configuration, power semiconductors and regula- 
tion best suited for their application. This paper 
provides data necessary to make this choice. 
Figure 1 illustrates a system block diagram of a typi- 
cal medium power SMPS with the primary operating 
directly on the 380/440VAC rectified mains. The 
paper limits the discussion to the power-stage of the 
SMPS. Power stage configurations such as asym- 
metrical bridge, full-bridge and half-bridge con- 
verters are compared. Bipolar and MOSFET 
technologies are compared. Schottky and fast 
recovery epitaxial diodes are considered for the 
secondary rectification. 
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POWER STAGE CONFIGURATIONS 


For medium power applications (1kVA to 15kVA), 
the choice of the converter on the 3-phase industrial 
mains is between the asymmetrical bridge, 
capacitor-split half-bridge and full-bridge converters 
[1]. The half-bridge and full-bridge converters are 
symmetrical converters and thus require smaller 
input filtering than asymmetrical bridge converters. 
However, it is possible to combine two asymmetrical 
bridge converters operating in antiphase in order to 
obtain a power stage, which viewed from its input 
and output current waveforms, appears to be a sym- 
metrical full-bridge converter. 


The asymmetrical bridge converter (figure 2) com- 
prises of two power switches in series with the load 
connected between the two switches. Simultaneous 
conduction of these power switches when a fault 
condition exists on the secondary of the transformer 
is not catastrophic as there is at least the leakage in- 
ductance of the transformer limiting the rate of rise 
of primary switch currents. The controlled rate of rise 
of primary current enables low-cost feedback 
protection circuits to react to the fault condition 
and turn-off the primary switches. 


Figure 2 : Asymmetrical Bridge Converter - The Developed Power Stage. 
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The use of turn-off switching-aid-networks (snub- 
bers) does not pose a problem in asymmetrical 
bridges. In half-bridge and full-bridge converters, 
the use of turn-off snubbers generally necessitates 
the use of turn-on snubbers required to limit the rate 
of rise of primary switch currents [2]. 


The power stage developed utilizes the asymmetri- 
cal bridge converter because of these reasons. 


For very high output power capability (in excess of 
10kVA), the full-bridge converter can be the op- 
timum choice provided the circuitry necessary to 
maintain volts-seconds symmetry can be easily im- 
plemented. The full-bridge operates the transformer 
in two magnetic quadrants. Consequently the size 
of the transformer can be reduced. Figure 3 il- 
lustrates a full-bridge converter which incorporates 
the advantages of the asymmetrical bridge structure 


(no catastrophic simultaneous conduction of tran- 
sistors and easy snubber networks) with the ad- 
vantages of the symmetrical converter of reduced 
transformer size. 


TECHNOLOGY CHOICE 


Bipolar and MOSFET technologies are best adapted 
for high frequency (greater than 20kKHz) medium 
power SMPS. Figure 4 illustrates the on-state resis- 
tance for 1mm2 of silicon surface versus blocking 
voltage for high voltage power MOSFETs. The resis- 
tance of the epitaxial layer required to withstand 
blocking voltage VDS (in excess of 250V) is ap- 
proximately proportional to VDS2.5. Consequently, 
even if this theoretical limit is approached, the on- 
State resistance increases rapidly as blocking voltage 
VDS increases for high voltage power MOSFETs. 
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Figure 3 : A Quasi-asymmetrical Full-bridge Converter. 
— Transformer provides inductance between two switches in series. 
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Figure 4 : MOSFET Blocking Voltage versus on-state Resistance/mm*. 
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The current density for a 1000V bipolar transistor, 
such as a BUF410A is in the region of 0.4A/mm 
when conducting a nominal current of 10A with an 
on-state collector-emitter voltage of 2V maximum at 
100°C junction temperature. The equivalent on- 
state resistance for a 1000V bipolar is thus ap- 
proximately 5 Ohm/mm* whereas for a 1000V 
Power MOSFET is 100 Ohm/mm*. For an applica- 
tion specifying only nominal switching current 
capability, the Power MOSFET solution requires 30 
times more silicon than the equivalent bipolar solu- 
tion (not considering the drive requirements) result- 
ing in substantially higher power transistor cost. 


Even though higher current density is achieved with 
bipolar transistors, the Power MOSFET has the clear 
advantage of a larger safe operating area at turn-off, 
larger peak current capability and easy voltage control- 
led gate drive. The 1000V bipolar transistor has the dis- 
advantage of longer turn-off delay time (due to its 
storage time) and high drive current requirements. A 
cost comparison of a Power MOSFET based solution 
with a bipolar based solution should thus be based on 
cost of the switch together with its drive, protection and 
auxiliary power supply circuits. 


Quantitative comparison is complicated by the very dif- 
ferent operational characteristics of Power MOSFETs 
and bipolar transistors. However, qualitative com- 
parison leads the authors to conclude the following : 


1) In medium power SMPS, where bipolar and 
Power MOSFET technologies can be used, the 
technology comparison must be based on cost 
evaluation of solutions meeting the specification 
both for PEAK transistor switching current as well 
as AVERAGE/RMS transistor switching current. 

2) Generally the Power MOSFET is sized for the 
RMS transistor switching current, whilst verifying 
that the peak current capability of the device 
meets the specification. 

3) The bipolar solution is sized on the peak transis- 
tor switching current specified in the application. 


THE DEVELOPED POWER STAGE 


The developed power-stage has the characteristics 
listed in table 1. The asymmetrical bridge forward con- 
verter was used with the maximum duty cycle limited 
to approximately 40%. The continuous rated primary 
current was 20A (for 40% duty. cycle). The peak 
primary switch current capability was 50A. The trans- 
former design (provided in appendix I) had a primary 
to secondary turns ratio of 10 to 1. Consequently the 
continuous rated secondary output current was 200A 
at a secondary output voltage of approximately 18V. 
The secondary output peak current was 500A when 
the primary switch current was 50A. 


Table 1 : Developed Power Stage 
Characteristic. 


Comments Value 


Input Supply Voltage 380/415/440Vac 
Continuous Primary Current 20A 
Peak Primary Current 50A 


Maximum Duty Cycle 40% 


Switching Frequency 25kHz 
Continuous Secondary Current 200A 
Peak Secondary Current 500A 
Secondary Voltage (nominal) 18V 


THE ASYMMETRICAL BRIDGE CON- 
VERTER 


A solution for the converter, based on bipolar and 
Power MOSFET technologies, encompassing the 
advantages of high switching current density and 
voltage controlled drive, was developed : this con- 
verter for the power stage was based on the CAS- 
CODE switch [3]. Due to the relatively large nominal 
primary switch current (20A), a bipolar based solu- 
tion was necessary. The CASCODE switch required 
a simple voltage controlled drive signal. No floating 
auxiliary supplies were required as the base current 
for the bipolar transistor was provided by a propor- 
tional current transformer. Figure 5 illustrates the 
primary CASCODE switch (based on bipolar and 
MOSFET technologies) which is used in the asym- 
metrical bridge converter. 


The switch comprises of a BUV298A bipolar transis- 
tor (B1) in ISOTOP package and a high density 50V 
(23 mOhm at 25°C) Power MOSFET STHVD90 (F1) 
connected in CASCODE. A 1000V Power MOSFET 
STHV102 (F2) provides the initial base current. A 
50V Power MOSFET BUZ11 (F3) turns-on when the 
STHVD90 CASCODE MOSFET (F1) is turned-off. 
Consequently the collector current is extracted via 
the base through Power MOSFET Fs. A turn-off 
snubber (comprising of R1, D1 and C1) maintains 
the turn-off within the reverse bias safe operating 
area (RBSOA) of the bipolar BUV298A. 


The primary switch conduction losses (at nominal 
20A current for 40% duty cycle) are approximately 
30W at a 100°C junction temperature for the CAS- 
CODE switch. The primary switch could be based 
purely on 1000 volts Power MOSFETs (STHV102, 
3.5 ohm at 25°C) in parallel. However, for 10 of 
these Power MOSFETs in parallel, under the same 
operating condition, the conduction losses would be 
approximately SOW. 

Figure 6 illustrates a pulse transformer gate drive 
used with the primary switches. This gate drive pro- 
vides positive and negative bias of the Power MOS- 
FETs in the CASCODE switch. The pulse 
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transformer also provides the isolation between the gate drive, the asymmetrical bridge converter re- 
primary switches and the control logic. With this quires no auxiliary power supplies. 


Figure 5 : The Developed CASCODE Asymmetrical Bridge Converter. 
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Figure 6 : Isolated Pulse Transformer based Gate Drives for Power Stage. 
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ASYMMETRICAL BRIDGE OPERATION 


Figure 7 illustrates the extremely fast switching and 
short (less than 500ns) storage time at turn-off ob- 
tained using this CASCODE switch. The primary 
switch was tested with a bridge high voltage DC rail 
of 600Vpc, primary current of 50A at 25kHz switch- 
ing frequency. 


Figure 7 : CASCODE Primary Switch Commutation 
— (IPEAK = 50A). 


t = lps/div 

Ig = 10A/div 
Ves = 200V/div 
Ic = 20A/div 


SECONDARY RECTIFYING DIODES 


The transformer had a primary to secondary turns 
ratio of 10 to 1. Consequently the voltage experi- 
enced by the secondary diodes at 600Vpc HVDC 
was 60V in addition to any overvoltage due to para- 
sitic inductances. 


Schottky diodes which have extremely low conduc- 
tion voltage (approximately 0.4V) can not be used for 
this application as they are limited in blocking voltage 
to approximately 50V. If the secondary output volt- 
age was 5V (for example, computer applications), 
the transformer ratio would have been higher thus 
permitting the use of Schottky diodes. 


The diodes best suited for the specified secondary 
output are fast recovery epitaxial diodes (FRED’). 
FRED diodes BYV255V200 were used in the circuit 
having conduction voltages of approximately 0.85V 
at rated current and at 125°C junction temperature. 
Figure 8 illustrates the blocking voltage experienced 
by the secondary diodes with resistor/capacitor 
snubber networks. 


At continuous rated output power, each secondary 
diode conducts for approximately 50% of the time an 
average current of 100A. Assuming a junction tem- 
perature of 125°C, the instantaneous forward volt- 
age drop is 0.85V at approximately 100A. Hence 
diode conduction losses are approximately 85W ; 
(0.85Vx100A = 85W). 


Figure 8 : Secondary Diode Switching Waveforms. 
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The leakage inductance between primary and 
secondary of the transformer is generally large such 
that the rate of decay of current in these diodes is 
controlled. Hence the reverse recovery is not critical. 
Thus at 25kHz switching frequency conduction los- 
ses are the prime criteria for the choice of the secon- 
dary diodes. 


CONCLUSION 


Bridge converters for medium power SMPS (1kVA 
to 15kVA) have been discussed. Turn-off snubbers 
and low-cost protection circuitry can be used with 
asymmetrical converters. A quasi-asymmetrical full- 
bridge converter has been proposed for high power 
SMPS which operate the transformer in two mag- 
netic quadrants. 


The 1000V Power MOSFET is a well adapted 
choice for low continuous power SMPS especially 
when high pulse current capability is specified for 
the primary switch. Bipolar transistors have high cur- 
rent density and are better adapted for medium 
power SMPS. 

The choice of secondary diodes at 25kHz switching 
frequency is based primarily on conduction losses. 
The developed power stage utilized the CASCODE 
configuration for the primary switch. This solution 
had the advantages of both the bipolar and Power 
MOSFET technologies. Fast epitaxial rectifying 
diodes (FRED) have been used in this power stage. 
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ANNEX I 


TRANSFORMER DESIGN 


The transformer design parameters for the 
developed asymmetrical bridge forward converter 
are : 

Vein = 500Vpc 
VoutpuT = 18V 

Duty cycle = 0.4 (MAX) 


Vmax = 600Vpc 
loutpuT = 200A 
Freq. (f) = 25kHz 


APPLICATION NOTE 


For forward converter operation equation [1] 
provides an approximate practical method of cal- 
culating the ferrite cross-sectional area. 


S =KV Voutput.louteut = 900mm* [1] 
S = cross-sectional area in mm? 

Voutput = Output secondary voltage 

louTPUT = Output secondary current 

K = 15 (for B50 ferrite material). 

Two GER65/33/27 (LCC) E shape B50 ferrites were 


sandwiched together to form a ferrite core cross- 
sectional area (S) of 1064mm‘°. 


Minimum number of primary turns (Np) can be cal- 
culated using equation [2]. 


Vmax Duty cycle 
Np. > = 86 [2] 
Byax. Sf 


Np was made equal to 40. 


The number of secondary turns can be calculated 
using equation [3]. 


Voutput. Np 536 3] 


Np > 
Vein. Duty cycle 


Ns was made equal to 4. Hence the primary to 
secondary turns ratio was 10 to 1. Consequently 
peak primary current (20A) was one tenth of 200A 
secondary current. 


The primary RMS current can be calculated using 
equation [4]. 

lRMs = Ipeak. V Duty cycle = 20 V0.4=12.5A [4] 
Using a current density of 5A/mm?, the primary was 


wound using two wires in parallel of 1.25mm 
diameter. 


The secondary wire cross-sectional area was 
20mm‘ calculated in a similar manner as for the 
primary wire. 


MEASURED PARAMETERS 
Leakage inductance = 90H 
(secondary short-circuited) 
Primary inductance = 17.5mH 


Insulation material used between primary and sec- 
ondary was capable of supporting 1500Vac at 
50Hz. Three pieces of 0.65mm plastic film were 
used for this isolation. 
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ANALYSIS AND OPTIMISATION OF HIGH FREQUENCY 


How can the performance of power electronics be 
improved ? Today, in many cases, it is the job of the 
designer. The fast rectifier switching behaviour de- 
pends on the operating conditions. The analysis and 
the optimisation of these conditions can be an im- 
portant source of improvement in performance. 


1. SWITCH-OFF OF FAST RECOVERY REC- 
TIFIERS 


It is possible to define theoretically two types of 
switch-off". 


1.1. FREE-WHEEL MODE (figures 1 & 2) 


When the rectifier switches-off itis always in parallel 
with a voltage source. In this case the assumption 
is that the parasitic inductances are negligible. This 
type of behaviour can be met in the majority or rec- 
tifier applications such as free-wheel rectifiers in 
step-down and step-up converters, full wave recti- 
fiers, etc... (figure 2). Generally, a rectifier in free- 
wheel mode is always in parallel with a voltage 
source when it turns-off. 


1.2. RECTIFIER MODE (figures 1 & 3) 


An inductance defines the dlr/dt (decreasing slope of 
the rectifier current) and when the rectifier switches-off 
itis always in series with this inductance. This type of 
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behaviour can be met in some applications such as 
rectifiers in flyback converters and many functions in 
thyristor circuits, (figure 3). Generally speaking a rec- 
tifier in the rectifier mode is always in series with an in- 
ductance L and this inductance L defines the dlF/dt. 
The fundamental difference between these two 
modes is that in the rectifier mode there is a stored en- 
ergy 1/2LInu* due to the series inductance. After the 
turn-off this energy is dissipated in the rectifier and/or 
in the associated circuits. 


1.3. TURN-OFF LOSSES 
Free-wheel mode 


WorFr is the energy dissipated in the rectifier during 
turn-off. 


tz Vidt (refer to figure 1) 
WFR = 


ty 


Low voltage (< 200V) fast rectifiers have a high in- 
ternal capacity-and the minority carriers have a very 
short life time. High voltage fast rectifier have a 
thicker N silicon layer and the minority carriers have 
longer life time and consequently different beha- 
viour during the turn-off condition blocking state. 
(Higher IRw and tinm - more damping). 
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Figure 1 : Fast Rectifier : the two turn-off modes. 
a) Free-wheel Mode. b) Rectifier Mode. 


dI¢/dt = Vp/L 
TIRM 


0 ne 


0 1 2 


di-/dt FIXED BY THE TRANSISTOR (or by dir/dt FIXED BY THE INDUCTANCE 
the external circuit) dlr/dt = Va/L 


LOW LOSSES IN THE RECTIFIER HIGH LOSSES IN THE RECTIFIER 
Worr = K: Vr: lpm: Tam Worr = K- Va: lam: Tiam + 1/2 Lier 


(0.15 < K <0.35) When asnubber is used some of the energy is dissi- 
pated in the snubber. 


NO OSCILLATIONS AND OVERVOLTAGE ALWAYS OVERVOLTAGE AND 
OSCILLATIONS IN SOME CONDITIONS 


BA/div. 50V/div. 0.05ys/div. 
BYT30 — 1000 — Ir = 3A — dir/dt = — 75A/us — Vp = 100V — Tcase = 25°C 
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According to the experimental results the turn-off 
energy loss (W)rr in the free-wheel mode can be 
written : 


(W)rR = K X Vr x Ir X tire (1) 


Max Voltage Rating (V) 


APPLICATION NOTE 


K") is a constant that depends on the thickness of 
the N type silicon layer. 


Rectifier mode 


Losses in this mode, (W)rec, are the sum of the 
stored energy 1/2 L Inu“ and the recovery energy 
(W)FR : 

(W)rec = (W)er + 1/2 L lame (2) 


In some cases, oscillations can occur. This depends 
on the damping due to the current tail effect after 
switch-off. When oscillations occur energy is dissi- 
pated during the oscillations partly in the rectifier and 
partly in the circuit. When snubbers are used a sig- 
nificant part of the energy is dissipated in the snub- 
ber. 


2. PRACTICAL SWITCH-OFF BEHAVIOUR 


The two cases, free-wheel mode and rectifier mode 
are simplified cases that are easy to simulate in a la- 
boratory characterisation. In practical equipment 
there is always a possible overlap between the two 
theoretical modes, because : 


Figure 2 : Rectifiers in Free Wheel Mode. 


1. No circuit is without parasitic inductances. 


2. The rise time (or the fall time) of the switch is 
not infinitely fast when compared with the rate 
of change of current, dlr/dt. 


Experimental results show that in all cases the fol- 
lowing formula can be used : 
(W)oFF = (W)FR + 1/2 Ls In (3) 
Where Ls = series inductance 
This important relationship is a useful tool for the de- 
signer, giving him the main parameters that in- 
fluence the turn-off energy. 


N.B. : The following relationship (4) is only true for 
the pure rectifier mode. 


(W)oFF = Qr x Vr (4) 
Where Qr = recovered charge 


(1) K is experimental - Defined for S@S-THOMSON 
Microelectronics fast rectifiers. 


Figure 3 : Rectifiers in Rectifier Mode. 
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Figure 4 : Switch-off Behaviour of the Ultrafast BYT12-400V Rectifier (current rating 12A - voltage rating 


400V). 


Conditions : l- = 13A dlr/dt = — 150A/us Vr = 100V Tease = 25°C. 


In the case of rectifier mode : L = 0,6uH. 


The turn-off lost energy calculated by the current and voltage is : 


(W)eR = 3ud free-wheel mode. 
(W)reEc = 10nd rectifier mode. 


The storage energy in the inductance is : 1/2 L IRm* = 7.5. 


a) Free wheel mode. 


"  URdeersegeeege, 
: AALS COST IPTT OOPCNTT IY Creer yt) Pt 


The use of this equation for a lot of practical circuits 
can be considered as a first approximation. It leads 
to over estimated losses, if the rectifier does not 
operate in pure "rectifier mode". 


3. CHARACTERISTICS OF FAST RECTIFIERS 
The characteristics of fast rectifiers are the result of 


BYW81 
IRM(A) 1.8 


Type 
Ty = 100°C 


dig/dt = — 50A/us 


tinm(LS) 0.05 
Ve (V) 0.66 + 0.0071 
Inu Increases with dle/dt (figure 5). 
IRM increases with Tj (figure 6). 
The important points that emerge are : 

1. High voltage fast rectifiers are not so fast as low 
voltage fast rectifiers, (comparing devices of 
equal current rating). 

2. Tj and dlr/dt have a strong influence on the 
reverse recovery current. 


b) Rectifier mode. 


a trade off between : 
- Speed (lam) 
- Max voltage rating (VaRM) 
- Forward voltage drop (VF). 
Example : 12A fast rectifiers. 


Operating conditions 


BYT12-400 BYT12-800 BYT12-1000 
3.7 6 7.8 


0.075 
11 + 0.021 


4. EXAMPLES 


4.1. FLYBACK CONVERTER (figure 7) 


The behaviour is as a pure rectifier ; the rectifier is 
driven by a current source, the inductor, L. 


For a frequency less than 100kHz the switching 
losses are small in comparison to the conduction 
losses, because dlr/dt defined by Vo/L is always 
small, (see table figure 7). 


0.160 
1.3 + 0.031 


0.200 
1.3 + 0.031 
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Figure 5 : Switch-off Behaviour of the Fast Rectifier BYT12P 1000 (current rating 12A voltage rating 1000V). 
Influence of the dlr/dt. 


Tj=100°C 


nsw ‘1365.1 


dir-/dt (A/us) 


Figure 6 : Switch-off Behaviour of the Fast Rectifier BYT12 1000 Influence of T). 
One Curve T, = 25°, one curve T, = 60°. 


‘new ieaik 
nt. or ere cee Be eet 


weorneet nee afemere eb ce 


2 


- Gees jeeefeae - * 
| cay i «|. jee AY 
| . ¥= 180; 
100V/C, 2A/div, 50ns/div 

Free-wheel mode 


ar 
ZeFTL 
75 100 


ie | 
12 150 


Gy scs-THomson 8B 
7 Sisoummonece 
105 


APPLICATION NOTE 


How can the designer reduce the losses ? 


1. The ratio | peak/lave, is very unfavourable in this 
type of circuit. It is essential when the peak volt- 
age is less than 200V that the "high efficiency 
ultra fast" family which have very low conduction 
losses are used. When the peak voltage is 
greater than 200V one solution is to use a rectifier 
with higher current rating. 

Example : 

In the same circuit at 12A with : 

- BYT12-800 : conduction losses = 7.6W,a12A 
rectifier. 

- BYT30-800 : conduction losses = 6W, a 30A 
rectifier 

2. Reduce the junction temperature. lf Tj is 
decreased from 100 to 75°C the switching losses 
are reduced by 20%. 


4.2. SMALL CURRENT RECTIFIER (figure 8) 


A transformer with a leakage inductance measured 
on the secondary side Ls = 11H supplies a fast diode 
D. The average output currentis 0.8A and the output 
voltage is 48V. 


The designer wants to use the popular diode BA157. 
This is not possible because the total power dissi- 
pation is 1.15W at 40kHZz. At this frequency he can 
only use a popular 2A current rated diode (for 0.8A 
rectified current) and at 200kHz there is no solution 
with popular diodes (see table in figure 8). 


How can the designer reduce the losses ? 


1. Choose a diode in the "high efficiency family". For 
example he can use the BYW100 for 40kHz to 
200kHz, (see table figure 8). 

2. Reduce the leakage inductance : with a leakage 
inductance Ls = 0.1uH, BY218 at 200kHz 
(1.24W, ATj = 93°C). 


4.3. FULL WAVE OUTPUT RECTIFIER 
There are two different full wave rectifying circuits. 


4.3.1. VOLTAGE SOURCE - CURRENT OUTPUT 


Current and voltage behaviour are indicated in fig- 
ure 9. The inductance Ls is the leakage inductance 
of the insulation transformer. 


The 4 rectifiers operate in an intermediate mode be- 
tween "free wheel’ and "rectifier", because there are 
some 1/2 Ls IrM“ losses. 


4.3.2. CURRENT SOURCE - VOLTAGE OUTPUT 
(figure 10). 


In this circuit, each rectifier operates in "free wheel" 
mode. The series inductance does notintroduce ad- 
ditional losses. (This assummes there is no parasitic 
inductance between the rectifiers and the capacitor 


How can the designer reduce the losses ? 


Figure 7 : Flyback Rectifier Output Average Current 4A. 
Below 100kHz the switching losses are negligible, in comparison with the conduction losses. 
The reason is limited dlr/dt, consequently limited IRM. 
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Figure 8 : The Popular Diodes BA157 — BY218 are not 


BYW100 is well adapted. 


Iam a 100°C di/dt =— 20A/us (A 
tiam a 100°C di/dt =— 20A/us iN 
(W)er (ud) 

1/2 Ls lm (pd) 

Conduction Losses (W) 
Switching Losses a 40kHz (W) 
Switching Losses a 200kHz (W) 


Total Diode Losses a 40kHz (W) 
A Tj a 40kHz (°C) 

Total Diode Losses a 200kHz (W) 
A Tj a 200kHz (°C) 


a) Voltage source - current output 
Reduce the transformer leakage inductance. 
Table of figure 11 shows that in the case of the 
400V 10A 200kHz bridge circuit the suppression 
of the inductance Ls can save 4 x 16.5W = 66W. 
Replace in the same circuit the high voltage fast 
rectifier BYT12-600 by 3 “high efficiency” 
BYW81-200 in series (See figure 12 - table). The 
total losses decrease from 186W to 58W. This 
result is very important as it shows it is more ef- 
ficient to use several "high efficiency" ultra fast 
rectifiers instead of a single high voltage one for 
high frequency operation. 
b) Both 

Use of sinusoidal current (resonant converter) in- 
stead of rectangular waveforms. Figure 11 shows 
that for the same conditions (400V - 10A - 
200kHz) the switching losses with a sinusoidal 
current are only 4 x 7.5 = 30W (4 x 22 = 88W with 
rectangular wave forms). 


4.4. STEP UP CONVERTER 


The rectifier operates in free wheel mode. The main 
losses in this case occur in the transistor during the 


APPLICATION NOTE 


Fast Enough for High Frequency Rectifying. The 


20A/us 
i bi 


turn-on (similar to the step down converter). Fig- 

ure 13 shows that with 600V output at 40kHZz, if the 

rectifier switching losses are reasonable, the tran- 
sistor turn-on losses are too high. 

How can the designer reduce these turn-on losses ? 

(fig. 13). 

a) Decrease the rectifier junction temperature by 
more efficient cooling. 

If the BYT12-800 junction temperature 
decreases from 100 to 70°C, the transistor turn- 
on losses decrease from 39.5W to 33W. 

b) To replace one BYT12-800 by 4 high efficiency 
BYW81-200 in series. The total balance is a 
reduction in losses from 39.5 to 16.6W in the tran- 
sistor with same losses in the rectifier. 


IN SUMMARY 

Two major actions reduce switching losses caused 
by fast recovery rectifiers : 

1. APPROPRIATE CHOICE OF COMPONENT 


e The fastest rectifier compatible with the peak 
voltage in the application. 
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e If the peak voltage Vr exceeds 400V the desig- - A800V fast rectifier has an IRM approximately 
ner must analyse carefully the switching losses: two times higher than a 400V fast rectifier 
- These losses are proportional to I?am x Vr. (same current rating). 


Figure 9 : Voltage Source, Output Current Full Bridge Circuit. 
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Figure 10 : Current Source, Output Voltage Full Bridge Circuit. 


he VOLTAGE 
ss OUTPUT (CONSTANT) 
> 


CURRENT 
SOURCE 


~[ (Di D4) 


V (D2 D3) 


{a7 SGS-THOMSON MB 
S/ MICROELECTRONICS 
109 


APPLICATION NOTE 


Figure 11 : Switching Losses (per leg) in a full Wave 200kHz Bridge Circuit. Output 10A. 
In case of voltage source, current output, the (leakage) inductance Ls introduces Lsl?am 
losses. 
In case D, the losses are smaller (6 x 4 = 24W instead of 22 x 4 = 88W) because dl/dt is smal- 
ler, consequently Inu is smaller. 


Ls = 0.5uH (48V) 
1nH (200V) 
1.5uH (400V) al 
Vo | 48 | 200 | 400 


200kKHz 


dl/dt=-240A/ps 
we 
dI/dt=—120A/ps 
vo 


eo dl/dt=—240A/ps 
dI/dt=—120A/us 
a 


Pe dI/dt=—240A/ps 
dI/dt=—120A/ys 
oe 
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Figure 12 : Switching Losses (per leg) in the Full Wave 400V 200kHz Bridge Circuit with two Different 
"rectifiers". 
Replacing the high voltage BYT12 — 600 rectifier by 3 "high efficiency" ultra fast BYW81 — 200 
in series reduces the total losses dramatically. This is why the IRm from BYW681 is very low and 
the voltage drop of this high efficiency rectifier is very low. 


1.54H 1.5yH 


BYT12—600 3 x BYW81—200 
400V 400V 


(W) lava = 10A 
Switching Losses (W) dir/et = — 120A/us 
t/T =0.5 


Total Losses per Leg 14.5 
(W) 


Figure 13 : In the Step-up (or step down) Converter the Majority of Losses Occur in the Transistor, Specially 
when a High Voltage Rectifier is used. 
In some case replacing a high voltage rectifier by several faster rectifiers in series (and conse- 
quently with a lower voltage rating) can minimize the total losses despite the increase of the rectifier 
conduction losses. 


Rectifler current 


dI/dt=120A/us a 


Transistor turn—on current 
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Figure 13 (continued). 


(dj/dt = 120A/us) lpm (A) 
(T, = 100°) tinm (HS) 


Transistor Turn-on Losses a 1.32 
40kHz (W) 


The rectifier voltage drop increases with the rating 
voltage. 

Example : BYW81 "high efficiency" 200V rating VF 
= 0.85V (max). 


BYT 12-600 600V rating Vr = 1.8 (max). 


IMPORTANT CONSEQUENCES : 


If the switching frequency is greater than 40kHz in 
many cases it will be more efficient to replace one 
high voltage (600 - 800 - 1000V) rectifier by aseries 
of ultrafast rectifiers (200V or 400V). Despite the in- 
crease of conduction losses, a dramatic reduction of 
switching losses results in a decrease in the total 
losses. 


2. OPTIMAL OPERATING CONDITIONS 


2.1. In many cases parasitic inductance gives addi- 
tional losses. A reduction of those parasitic induct- 
ances Ls decreases not only the voltage spikes but 
also the switching losses. 

2.2. Junction temperature plays an important role. 
The switching losses are approximately proportional 
to Tj. Improving the rectifier cooling is very important 
for all high frequency rectifiers. 

2.3. For full wave rectifying circuits, with an isolation 
transformer the switching losses are always lower in 
the case of : 


BYW81-100 BYT12-400 BYT 12-800 4 x BYT81-200 


3.8 105 
0.04 0.06 0.12 


Rectifier Conduction Losses (W)| 3.65 | S| BT 
Rectifier Switching Losses a 0.04 6.7 0.5 

40kHz (W) 

Total Rectifier Losses a oa 7.1 14.7 15.1 

40kHz (W) 


| 48 | 80 
6 


Current source — rectifying — voltage source 


than : 
Voltage source — rectifying — current source 


because the impedance due to the transformer 
leakage inductance is integrated in the current 
source, and does not play any part in the additional 
losses. 

2.4. The use of the resonant circuit with sinusoidal 
current waveforms results in a significant reduction 
in the switching losses due to the limited dlr/dt or to 
the smaller re-applied voltage Vr. 


CONCLUSION 


Reducing the switching losses in high frequency 
converters is team work. 


The manufacturer has improved the fast recovery 
rectifier characteristics. The designer has now some 
tools to analyse, with a greater accuracy, the rectifier 
behaviour and choose the optimal solution in order 
to minimize the losses. 


REFERENCE 
[1] “Switching behaviour of fast diodes in the con- 
verter circuits" - p.63 to 78 in the hand book 
SGS-THOMSON Microelectronics "Transistors 
& Diodes in Power Processing". 
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CONTROL OF A DC MOTOR USING TRANSPACK 
MICROPROCESSOR BASED FULLY INTEGRATED SOLUTION 


INTRODUCTION 


This article covers the design of a controller for a 
DC permanent magnet motor. The design is 
preceded by a mathematical simulation of the con- 
troller. The controller design is complete with work- 
ing drawings and a programme for the 
microprocessor. A comprehensive collection of di- 
agrams and photos shows the operational perfor- 
mance of the design under normal and adverse 
working conditions. 


Simulation of Motor Behaviour 

The motor chosen for the design is a constant 
current type with a permanent magnet with a stator 
flux nearly constant and a good power to weight 
ratio compared with classic DC motors. 


Simulation forcast: - Maximum peak current, Ripple 
current at various chopper frequencies, Response 
speed of the system. Function in steady state. 


The parameters are studied for extreme working 
conditions to optimise the choice of inverter compo- 
nents. 


The Control Hardware 

The hardware design is implemented with a micro- 
processors, D/A converter, switchmode driver and 
two power modules for the high current drive for a 
simple and integrated solution. 


Laboratory implementation of the hardware 


AN381/0990 


The bridge is construted with two TO-240 TRAN- 
PACK power modules of half bridge configuration, 
SGS30DB040D which permit fast acceleration of 
the motor and a compact structure. 


The microprocessor allows simplicity and flexibility 
e.g. motor speed is controlled by a six bit word which 
accurately sets the speed between 0.5% and maxi- 
mum. 


Study of the System Behaviour 

The system behaviour is studied to analyse the 
maximum stress conditions on the bridge corre- 
sponding to possible operating conditions, the algo- 
rithm of acceleration, braking, and inversion of the 
speed are demonstrated. The objective is to obtain 
the maximum performance possible with the tran- 
sistors chosen for the bridge. 


Balance of the Bridge 

The evaluation of power abosrbed by the various 
parts of the system demonstrates the efficiency of 
the design.Detailed analysis of power absorbed in 
the motor and power dissipated in the bridge 
qualifies this design. 


This study involves particularly heavy operating 
conditions for the power circuitry which verifies 
the excellent performance of the TRANSPACK 
(TOQ-240)devices above all in terms of switching 
speeds and low losses i.e. efficiency. 
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Motor Specification 


Nominal Current lIA=  1.8A 

Nominal Supply Voltage VA= 200-220V 
Peak Torque =  6Nm 
Maximum Working Speed Q= 15000rpm 
Absolute Maximum Speed "= 20000 rpm 
Rotor Inertia J= 0.6107 Kg.m? 
Torque Constant KT = 0.17Nm.A™ 
Resistance R= 0.962 
Inductance L= 6.6mH 
Demagnetisation Current Idm= 105A 

Nominal Power = 200W 

Back EMF Constant Ky= 0.17V.s 
Drive Specification 

Maximum Motor Current 30A 

Maximum Supply Voltage 400V 
ee enaien 1/32 maximum speed 
Chopper Frequency 21.7KHz 


4 Quadrant Control 


Simulation of Motor Behaviour 

The motor is a (DC) constant current type with a 
permanent magnet hence with a stator flux nearly 
constant and a good power to weight ratio compared 
with classic DC motors. The electrical circuit used 
for simulation is: 


Figure 1 


$U-1047 


For the mathematical model it was decided to ne- 
glect the variation of stator flux due to the inductive 
reaction, hence considering the flux generated by 
the permanent magnets to be constant.This simpli- 
fication has little effect on the representation of 
motor behaviour but it simplifies the calculations. 


The equations which form the model are the following: 


1) VA=RAlA+Ladia/dt+E 
2) Cm=Jd dO/dt + DQ + Cr 
3) E=KvyoQ 

4) CmMe=KTOIA 


Where: 

VA =Armature Voltage (Volts) 

lA =Armature Current (Ampere) 
RA = Stator Resistance (Q) 

LA =Stator Inductance (H) 

E  =Electro Motive Force (Volts) 
Cm = Torque (Nm) 

Cr =Friction (Nm) 

J = Inertial Moment (Kg. m*) 
Q = =Angular Velocity (rad/sec) 
0) = Stator Magnetic Flux (Weber) 
D  =Kinetic Friction (Nm) 

Ky =BackEMFConstant  (V.s) 

KT = Torque Constant (Nm A‘) 


From the balance of energy: 

C.Q =E.IA where C equals the motor output (Watts) 

= 
V 


The differential equations were resolved by the 
Runga - Kutta method for solving non linear equa- 
tions. 


With the simulation it was proposed to forecast the 
following behaviour: 


— Maximum Peak Current 

Ripple current at various chopper frequencies 
— Response speed of the system 

— Function in steady state 


The phenomena were studied with the intention of 
seeing the maximum values of the observed par- 
ameters rather than instantaneous values in order 
to optimise the choice of inverter components. The 
simulation was made supposing a supply voltage of 
200V. 


N.B. - In Appendix A is the programme used for the 
simulation run on VAX. 


Ke ® IA from which Ke = Ky 


Figures 2, 3 & 4 illustrate the simulated motor cur- 
rents at chopper frequencies of 5, 10 & 20 kHz with 
the motor blocked and a 50% duty cycle (A = 5). 


It can be seen that ripple current decreases in a 
practically linear relationship to the frequency, pas- 
sing from 3A at 5kHz, to 0.9A at 20kHz. 


The average of the current is zero as is the torque. 
The abosrbed power is however dissipated in the 
motor, becoming lower as the chopper frequency 
increases. 


Figures 5 & 6 show the trend of velocity, at 10 & 
20kHz, with a 70% duty cycle (A= 7) and load torque 
zero. Also the ripple on the speed is strongly in- 
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fluenced by the chopper frequency, going form Under identical conditions (frequency and duty 
4.22% at 10kHz to 0.84% at 20kHz. Assuring a cycle) the motor current analysis shown in figures 7 
steady state speed of 237 rad/sec the ripple varies & 8 was made. 

from 10 rad/sec at 10kHz to 2 rad/sec at 20kHz. 


Figure 2 
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Figure 2a 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 


ERS RT Tee Ce a ee ae oe a es Came Sma Saale cs Oe NR ee Re We pe ee ee es Sh ee 


188 158 


VEL CRAD/SEC) . FRE=28988, A=7,CR=B 
58 


: 
g.i00 0.200 6.300 6.400 0.00 6.600 8.400 Zl 


TIME (SEC) 


a 5/18 
ky7 SGSTHOMSON 
117 


APPLICATION NOTE 


Figure 7 
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Figure 8 
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Figure 9 
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The ripple current and hence the torque merit ob- 
servations similar to those made for the speed. From 
the simulations it was decided to operate with a 
frequency close to 20kHz both in terms of reduced 
losses in the motor as well as the ripple effects on 
speed and torque. 

This choice is made possible by the availability of 
power transistors with very low switching losses.Also 
there is the advantage of much reduced interference 
on the supply. 


APPLICATION NOTE 


+— 
. 83 
*198t3 


From the performance reported in figures 5 & 6 the 
estimated acceleration time is around 80ms for a 
steady state speed of 237 rad/sec. 


The data supplied from the simulation has also 
enabled an estimate that with a duty cycle of 70% 
the peak current amounts to around 30A. 


This data has led to the choice of the 
SGS30DB040D for the power bridge. 
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The Controller Hardware 

With the objective of analysing all the stresses on 
the components it was preferable to construct an 
open loop control which thanks to the lack of com- 
pensating feedback, permits an immediate study of 
the phenomena. 


In order to operate with the maximum flexibility the 
system was designed to be microprocessor control- 
led using a Z80 SYSTEM. 


Figure 10 


LOGIC 
INTERFACE 


HARDWARE 
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The Controller Schematic 

The complete schematic of the controller is de- 
scribed as follows: 

Fig 11 shows the control portion. A 6 bit word, 
generated by the microcomputer, representing the 
required speed of the motor, is converted into an 
analogue current. This D/Aconversion is carried out 


Figure 11 - Control Section 


280 P10 


780 CPU = 


(NBZ80 ASEO) 
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The digital to analogue conversion and drive wave- 
form generation was realised with the SGS L291 
and L292 for a simple and efficient integrated solu- 
tion. 


The bridge was constructed with two TO-240 
TRANSPACK power modules of half bridge configu- 
ration, S@S380DB040D, which permit fast accelera- 
tion of the motor and a compact structure. 

The block diagram is shown in figure 10. 


by the L291. The analogue signal is then used to 
drive the L292 which generates pulses of variable 
duty cycle. 

This device, normally used to drive low power mo- 
tors, offers the advantage of outputs of two com- 
plementary signals of variable frequency between 1 
and 30kHz. 
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Also it is possible to impose a delay between the 
end of one signal and the start of the complement, 
essential to avoid the short circuit condition on the 
bridge. The transfer of the signal from the controller 
to the high side of the bridge is via Q5 and Q6. These 
transistors are power devices working in the active 
zone with very low current and must sustain a 
voltage 5V greater than the voltage applied to the 
motor (fig. 11a). 


This solution avoids the use of a transformer and is 
aimed towards the eventual integration of the power 
stage. The drive of the transistors in the bridge was 


Figure 11a 


+12V 


280 P10 


(NBZ80 ASED) 


Photo 1 - Motor voltage 


V = 50V/div 
t = 100us/div 
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realised with a simple integrated solution of the SGS 
L149, whose power for the high side is referred to 
the voltage at the motor terminals which follows the 
variations. 

The power for the motor is provided by a full bridge 
circuit permitting operation in all 4 quadrants. 


The two half bridge TRANSPACK, SGS30DB040D, 
are built using Darlingtons without integrated collec- 
tor - emitter diodes which permits full use of the fast 
freewheel diodes incorporated in the power module 
and high frequency drive of the motor. The voltage 
waveforms on the motor are illustrated in photo 1. 


Photo 2a - Ripple of 3A at 5KHz 
i) 
Li et | tere 
ee, 
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The principle characteristics of the Darlington are as Photo 2b - Ripple of 0.9A at 20KHz 
follows: 


— VCEO = 400V 

— Ic =30A 

— HFE = (Ic = 30A) 50 

— VCE(sat) = (IC = 30A, IB = 2A) = 1.5V 
— ts (storage time = 1.2us 

— tf (fall time) = 0.2us 


The main parameters of the diode are: 


— VF =1.2V (IF = 30A) 

— tRR<0.2 us (IF = 30A, di/dt = 100A/us) 
— IRM=10A 

— IFRM = 250A 


Photo 2a & b shows the behaviour of the motor, 
currents at chopper frequencies of 5kHz and 20kHz. 
It is possible to note in photo 2a (5kHz) a ripple of 
3A in agreement with the simulated data, while in 
photo 2b one sees a ripple at 20kHz of around 0.9A. 


Nm 


Figure 12 - Assembly of the circuit board 


Q 
bes ES 
® S" [iat] 0 [sa] 


COMPONENTS LIST 


2 2 


SGS30DB040D TRANSPACK R16, R17 100Q 
L149 4 Driver R18, R19 2 2.7KQ, 
L291 1 d/a converter R20, R21 2 6702 
L292 1 PWM generator | R22, R23 2 10KQ 
R1 1 R24, R25 2 5Q 
R2 1 R26, R27 2 5Q. 
R3 1 C1 1 100nF 
R4 1 C2 1 1000,F 
R5 1 C3 1 22nF 
R6, R7 2 Q1, Q2, Q3, Q4 4 2N4033 
R8, R9 2 Q5, Q6 2 TIP50 
R10, Ri1 2 Bi, Be 2 
R12, R13 2 B3, B4 2 
R14, R15 2 1 
=—____________— S77 SGS;THOMSON 
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Study of the System Behaviour 

To analyse the maximum stress condition on the 
bridge corresponding to possible operating condi- 
tions, the algorithm of acceleration, braking and 
inversion of the speed were performed. The objec- 
tive was to obtain the maximum performance 
possible with the transistors chosen for the bridge. 
The strategy followed was to choose a speed of 
3000rpm analysing the time needed to reach the 
speed. 


Acceleration Tests 

Firstly the motor was accelerated with a duty cycle 
corresponding to the chosen speed (steady acceler- 
ation with a drive signal duty cycle of 70%). The 
result of this test is shown in photo 3 & 4. 


Photo 3 - Trend of the speed with only voltage 
changing (560 rpm/div) 


Photo 4 - Trend of the current under the same 
conditions as photo 3 (5A/div) 
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In photo 4 it is seen that the current reaches a peak 
of 23A in a limited number of pulses and then goes 
to full speed much more slowly, with a current of 
0.6A. Regarding the speed, the period of the transi- 
tion may be estimated as around 1.2s. 


Photo 5 - The trend of the velocity with four 
progressive steps of voltage as intervals of 
25ms (560 rpm/div) 
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Photo 6 - The trend of the current under the 
conditions of photo 5 (5A/div) 


Also a ramp of acceleration was tested imposing .4 
increases in duty cycle of 5% with a 25ms delay 
between each (photo 5 & 6). 


In this way the maximum current during acceleration 
is reduced to 20A without any significant variation of 
the time to reach full speed. 
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Photo 7- The trend of the speed with the drive of 
figure 13 (560 rpm/div) 


TIME (msec) 


Other tests of acceleration are shown in photos 9, 
10 & 11 


Photo 8 - Trend of the current of the drive of 
figure13 (10A/div) 


Photo 9 - Trend of velocity with a initial drive to 
produce 3750 rpm followed after 300ms by a 
drive to produce 3000 rpm (560 rpm/div) 


. 
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Figure 14 


TIME (msec) 


Photo 10 - Trend velocity with an initial drive 
to produce 3750 rpm followed after 180ms 
by a drive to produce 2250rpm and finally 
after 100ms by a drive to produce 3000rpm 
(560 rpm/div) 
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A series of tests were performed attempting to 
obtain a determined speed in the minimum possible 
time, working with duty cycles above and below that 
of steady state with the appropriate delays. 


The best result was obtained driving with the se- 
quence of duty cycles illustrated in fig. 138 as shown 
in photo 7. 


Figure 15 


V 
DUTY CYCLE 
Yo 


TIME (msec) 


Photo 11 - Trend velocity with a initial drive to 
produce 3750 rpm followed after 160ms by a 
drive to produce 2250 rpm and finally after 50ms 
by a drive to produce 3000 rpm. 


Figure 16 
Vv 
DUTY CYCLE 

~%o 


60 
70 
60 


TIME (msec) 


SGS-THOMSO 


APPLICATION NOTE 


One notes that the duration of the transient may be 
estimated to be around 500ms, notably below the 
1.2s in the case shown in photo 3, corresponding to 
an average acceleration of 628 rad/sec~ and with 
an instantaneous acceleration of 7500 rad/sec’, 
corresponding to a maximum current of 26A shown 
in photo 8. 


Speed Reversal 

Having reached the maximum, the objective was to 
achieve the maximum steady acceleration and to 
estimate the time needed to achieve an inversion of 
the speed passing from +3000rpm to -3000rpm 
having supposed that this is the most critical stress 
on the bridge. 


There was first analysed the phenomena of braking 
and it was seen that braking too quickly may cause 
a change of function, making the motor a generator 
and creating excess emitter base voltage up to a 
situation intolerable for correct operation of the 
bridge components. 


This phenomena was taken into account to achieve 
the most rapid braking possible without overstress- 
ing the bridge components. 


We succeeded in this way to obtain a time, from +3k 
to + 3krpm, of about 500ms, as shown in photo no. 
12 where the achievment of a steady state is not 
considered but only the transition from one speed 
to another. 


The behaviour of the relevant currents are shown 
in photo 13 where points shown by the arrows are 
relative to the transformation of the motor into a 
generator 


Photo 12 - Trend of velocity (1090 rads/sec/div) 
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Figure 14 


POWER 
SUPPLY 


AUXILIARY 
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Photo 13 - Current absorbed by the motor with 
the described speed invertion (10A/div) 


Both the tests of acceleration and speed reversal 
were made with repetitive cycles, with appropriate 
programmes, for periods of several hours without 
creating problems for the SGS30DBO040D. 


Balance of the Bridge 

The evaluation of the power abosrbed by the vari- 
ous parts of the system is analysed in the following 
paragraph. The estimates obtained give an indica- 
tion of the efficiency of the contro! system in that it 
gives a ratio of the power absorbed to that of the 
motor. 


The power was measured using the following sys- 
tem (fig. 14). 
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The chosen conditions were: 
— Duty cycle of 76% 
— Average motor current 1.25A 


The load was simulated by a generator connected 
to the motor and a rheostat of 2002. 


Photo 14 


In this situation the power taken from the supply 
was: 


— PAL = 200V x 0.83A = 166W 
The power absorbed by the drive circuit was: 
— Pat Auxiliary = 7.86W 
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The power absorbed by the motor was: 

— PM =Vav xX lA = 123.2V x 1.25A = 154W 

Hence the power absorbed the bridge was: 

— PBRIDGE = 12W 

ae one has a dissipation of power in the bridge of 


Power Absorbed by the Motor 

Photo 14 shows the waveforms of current and volt- 
age on one arm of the bridge. The power in the 
motor was computed as the difference of the power 
absorbed during the conducting phases of the 
bridge less that returned during the conduction of 
the free wheel diodes. 


Photo 15 represents the power absorbed. The en- 
ergy corresponds to the area under the curve ina 
period. Given that: 


E = 9.47mJ, F = 21700Hz 
Paps - MOT = E xF 9.47 10° 21.7 103 = 205.6W 


The power returned from the motor is shown in 
photo 16 


—- E=2.38mJ 

— F=21700Hz 

— PGEN.MOT. = 51.6W 

Thus the total power absorbed by the motor is: 
PTOT.MOT = PABS.MOT - PGEN.MOT = 

= 205.6 - 51.6 = 154W 


Photo 15 
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Power Dissipated in the Bridge 

The power dissipated in the bridge was analysed in 
a more detailed manner by measuring the power 
dissipated in one transistor (high side) both in the 
turn-on and turn-off phases and estimating the dissi- 
pation during the on period. 
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Photo 16 
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The waveforms of voltage and current during an 
entire period can be seen in photo 17. 


The power dissipated during the turn-on phase and 
the respective voltage and current waveforms are 
shown in photos 18 & 19. 


From the photo of the power it is possible also to 
measure the energy dissipated. This corresponds to 
an average power of: 


PON = Ex F = 189.6pJ x 21700Hz = 4.1W 


The power dissipated during the turn-off phases andthe 
respective waveforms are shown in photo 20 & 21. 


The energy dissipated in this case is 188uJ thus: 
POFF = E x F= 118.5 x 21700 = 2.47W 


The dissipation of the conduction phase is not con- 
veniently measured by the method used so it was 
preferred to make an estimate. 


At the average current of 1.25A from the charac- 
teristic curves a VCE(sat) of 0.8V is found. 


PCOND. = 1.25A x 0.8V x 0.76 = 0.76W 


Taking into consideration that the conduction phase 
is 76% of the full period: 


The power dissipated in a transistor of the bridge is 
thus: 


PTOT = PON + POFF + PCOND = 
W = 7.43W 


(4.1 + 2.57 + 0.76) 


Photo 19 
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CONCLUSION 

During this work a study was made, both in theory 
and application, of the control of a DC motor. For 
this study, advantage was taken of the flexibility 
offered by using a microprocessor to make many 
tests. This allowed a comprehensive analysis of the 
behaviour of the SGS30DB040D TRANSPACK. 


This involved the recreation of particularly heavy 
operating conditions for the power circuitry, which 
verified the excellent performance of the TRANS- 
PACK devices, above allin terms of switching speed 
and low losses. Also studies were made of anumber 
of drive circuits for the power transistors, useful for 
future projects. 
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APPENDIX A 
# TY Motor For 


30 


40 
17 


50 


20 
15 


APPLICATION NOTE 


DIMENSION Y (20), YF (20) 

EXTERNAL FUNC 

REAL KC,KV 

OPEN (UNIT=7,FILE =’MIKE,DAT’,STATUS=’NEW’) 
OPEN (UNIT=8,FILE =’MIKE1,DAT’ ,STATUS=’"NEW’) 
OPEN (UNIT=9,FILE =’MIKE2, DAT’ ,STATUS=’NEW’) 
OPEN (UNIT=10,FILE ="MIKE3, DAT’, STATUS=’NEW’) 
OPEN (UNIT=11,FILE =’MIKE4,DAT’,STATUS =’NEW’) 
WRITE (*,30) 

FORMAT (1X, INTRODUCI H,NS,NT,CR,T,A) 

READ (*,*) H, NS,NT,CR,T,A 

TI=A*T/10 

T2=1-T1 

L=H*NS*NT/T 

WRITE (*,*) "VUO!I 1 GRAFICI? (SI=1)’ 

REA (*,*) AAA 

WRITE (*,*) “LA MACCHINA E’ QUELLA SOLITA? (Sl=1)’ 
READ (*,*) Z 

IF (Z,NE,1) GO TO 40 

X=0. 

N=2 

Y (1)=0. 

Y (2)=0. 

RA=0.96 

XLA=0.006 

FL=1. 

RJ=.00056 

Ke=.17 

Kv=.17 

GO TO 50 

WRITE (*,17) 

FORMAT (1X, "INTRODUCTI X,N.Y (I),RA,XLA,FL,Ru,Ke,Kv’) 
READ (*,*) X,N,(Y(I),l=1,N),RA,XLA,FL,RuJ,Ke, Kv 
CONTINUE 

DO 2 J=1,NT 

DO 1 K=1,NS 

CALL RKUTTA (N,X,Y,FUNC,H,XF, YF,CR,RA,XLA,FL,CM,E,RJ 
Ke,Kv,L,T,11,T2) 

X=XF 

DO 1 I=1,N 

Y(l)=YF(I) 

CONTINUE 

CM=Kc*FL*Y (1) 

E=KV*FL*Y (2) 

IF (AAA.EQ.1) GO TO 333 

WRITE (*,20) 

FORMAT (1X, TEMPO’, 7X,’lA’,10X, VEL’,9X,’CM’,10X,’E’) 
WRITE (*,15) X,(Y(I),l=1,N),CM,E 

FORMAT (5 E12.5) 


GOTO2 

WRITE (7,*) XY (2) 
WRITE (8,*) XY (1) 
WRITE (9,*) X,CM 
WRITE (10,*) X,E 
WRITE (11,*) Y (2),CM 
CONTINU 
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APPENDIX A (continued) 
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CLOSE (UNIT=7) 
CLOSE (UNIT=8) 
CLOSE (UNIT=9) 
CLOSE (UNIT=10) 
CLOSE (UNIT=11) 
STOP 

END 


SUBROUTINE RKUTTA (N,X,Y,EUNCH,H,XF,YF,CR,RA,XLA,FL,CM,E,Ru, 
Ke, Kv,L,1,T1,T2) 

DIMENSION Y (20),Y1(20),YF(20),D(20),A(5) 

REAL KC,KV 


SUBROUTINE FUNC (X,Y,N,D,CR,RA,XLA,FL,CM,E,Ru,Ke,Kv,L,T,11,T2 
DIMENSION Y (20), D (20) 

REAL KC,KV 

DO 16 M=0,(L-1) 

IF (X-M*T).LE.T1) GO TO 11 

IF ((X-M*T).LE.(T14T2)) GO TO 12 
CONTINUE 

VA=400. 

GO TO 21 

VA = - 400. 

GO TO 21 

CONTINUE 

D (1) = (VA-E-RA*Y(1))/XLA 

D (2) = (CM-CR)/RJ 

RETURN 

END 
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TRANSISTORIZED POWER SWITCHES WITH 


ABSTRACT. 

An important objective for power electronic 
design is the reduction of power losses. This 
paper analyses the output characteristics of 
bipolar and MOS power stages and indicates 
limits for further on state loss reduction. A fast 
high voltage driver/switch combination with very 
low on state and switching losses is described. 
The switch is designed with cellular bipolar junc- 
tion transistors driven by a smart power switch 
mode regulator. The driver handles duty cycles 
from 0...100 % and requires only one unregulated 
auxiliary supply. The static and dynamic be- 
haviour of the switch and its new driver stage are 
shown and discussed. The switch exhibits low 
losses and is able to operate at inaudible switch- 
ing frequencies on the rectified mains. 


Keywords. Mains supplied operation, on state 
loss reduction, simplified base drive, smart 
power, high switching frequencies, Darlington, 
POWER MOSFET, cellular bipolar transistor. 


INTRODUCTION 

Loss reduction is a major objective in all power 
electronic equipment. The switching losses of all 
kinds of switching power semiconductors have 
been significantly reduced by means of structures 
with increased interdigitation, cellular structures 
and improved carrier lifetime control. Today per- 
formances are often close to those that physical 
laws allow. The switching losses have been 
reduced to such an extent, that lowering on state 
losses has become the key for further loss reduc- 
tion. Further loss reduction can only be achieved 
through the reduction of on state losses which is 
the major topic discussed in this paper. 


HOW TO REDUCE LOSSES? 

Lowering on-state losses is of particular impor- 
tance in inverter circuits operating with switching 
frequencies below 20kHz and in resonant con- 
verters where switching losses are already negli- 
gible. 

For evaluation of on state losses, power semicon- 
ductor devices can be classified as: 


AN813/0990 
* SGS-THOMSON, Central Application Laboratory, Rousset, France 


IMPROVED EFFICENCY 


By M. Bildgen *, K. Rlschmuller * 


a) devices with dominating resistive output 
behaviour 

b) devices with dominating p-n junction be- 
haviour of output characteristics (Fig.1). 


The Power MOSFET (MOS), the Bipolar Modu- 
lated FET (BMFET)° and the Bipolar Junction 
Transistor (BUT) exhibit a resistive output be- 
haviour (Fig.1a). Their on state voltage drop can 
be reduced through increasing die size, a ques- 
tion of technology and cost. 


The Bipolar Darlington (DLT), the MOS Gated 
Bipolar Transistor (MOSBIP), the Insulated Gate 
Bipolar Transistor (IGBT) and Thyristors (GTO, 
FCTh...) exhibit a dominating p-n junction output 
behaviour (Fig 1b). The on state voltage drop of 
these devices is the sum of the threshold voltage 
of the p-n junction and the voltage drop across a 
resistance. The threshold voltage is determined 
by physical laws, only the resistive part of the on 
state voltage depends on the die size. The in- 
fluence of die size on on-state losses is relatively 
limited and is not a feature that can be used to 
give significant loss reduction. 


MOSFET AND BIPOLAR TRANSISTOR 

The MOSFET, the BMFET and the BUT can have 
an on State voltage drop of less than 600mV and 
fast switching: A high power MOSFET e.g. a 
TSD4M450 (Rosvon) = 0.12, Vos =500V, Ip MAX 
= 45A) handles a current of 5 Amps with an on 
state voltage drop of only 500mvV. The die area of 
such a device is about 170 mm*. The MOSFET 
requires only short gate current pulses for its 
drive. 


A very fast cellular BJT e. g. a BUF410 
(450V/1000V, 15A) switches 5 Amps with about 
500mV on state voltage drop. The die area of this 
device is about 36mm* and has therefore a very 
low silicon cost. The BJT requires base current: 
— in excess of a fifth of the collector current 
— and negative bias for fast turn off switching, 
immunity against reverse current and dv/dt. 
Nevertheless, the power gain is very high, e.g. 
when switching 400V x 5A = 2kW, a drive power 
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Fig.1: Symbols, equivalent circuits and output characteristics of power semiconductor devices; 
a) devices with resistive output behaviOur; b) devices with p-n junction behaviour 
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TABLE 1: On-state and driver losses of different device/driver configurations 


DLT + (2) 


of only 1A x 1V =1 W (base current multiplied by 
base emitter voltage) is needed. 

The gap in die size between the POWER MOS- 
FET and the cellular BUT, increasing with voltage 
and current, is so important, that it is worth think- 
ing about low loss base drive for bipolar transis- 
tors." 


TRANSISTORS AND DARLINGTONS 

The Darlington is the most popular switch in 
mains supplied, medium power applications. The 
major reason for this choice is its moderate base 
current consumption. 


A typical fast switching 20A,450V Darlington re- 
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BUT + (2) 0.5V x 20A = 10W 


1.4V x 20A = 28W 


quires a 0.6A base current. With a conventional 
driver circuit operating from an 8V to 12V auxilary 
supply, the worst case driver consumption would 
be 12V x 0.6A = 7W (Table 1). 


The collector-emitter on state losses of the Dar- 
lington can be typically calculated to be about 
30W. The total conduction losses amount to 
about 37W. 


The bipolar junction transistor exhibits collector 
emitter on state losses of only 10W but requires a 
positive base current of 4A. 


The total driver loss in the transistors is 4A x 1V = 
4W (base current multiplied by base emitter volt- 
age). With a conventional driver circuit operating 
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Fig. 2: Example of a switch-mode driver circuit for fast switching applications 
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Fig.3: Self generation of negative bias from a positive supply voltage 
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from an 8V to 12V auxilary supply, the worst case 
driver consumption would be 48W - total conduc- 
tion loss would be 58W. The poor efficiency of 
conventional driver stages is the reason that the 
transistor power switch exhibits higher conduction 
losses than the Darlington. Using driver stages 
with high efficiency allows BJT power stages to 
be used instead of Darlingtons which results in 
significant loss reduction. 


DESCRIPTION OF THE SWITCH MODE BASE 
DRIVER 

An L4974 smart power IC with a MOSFET output 
stage operates as a buck regulator in current 
mode. The IC is contained in a DIL package but 
is able to supply a 4 Amp base current. (Fig.2). 
The efficiency is so high that thermal conduction 
to the PCB provides sufficient cooling. During the 
off state of the power transistor, TP, a MOSFET 
T1 applies a short circuit to the output of the buck 
regulator. The IC operates with low duty cycle 
and maintains constant current in the choke L. 
For turn on of the power transistor TP, the MOS- 
FET, T1, is turned off and the constant choke cur- 
rent flows into the power transistor’s base. The 
rate of rise of base current is limited only by the 
MOSFET turn off speed. In order to obtain very 
fast switching, a high density MOSFET 


Fig. 4: Test circuits for switching losses 
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(STVHD90) which has a very reduced input and 
output capacitance, has been used. 


If the power transistor base current is 4 Amps 
and the auxilary supply voltage 20V, the driver 
input current will be about 0.47 Amps. Increasing 
the auxilary supply voltage further reduces the 
input current. 


NEGATIVE BIAS FOR FAST TURN OFF 
SWITCHING 
The first version of the circuit generates negative 
bias with a Zener diode between auxilary supply 
and driver stage (Fig.2). The current return path 
to the auxiliary supply is through this diode. Los- 
ses in the Zener diode are small, due to the fact 
that input current of the driver circuit is small. For 
turn off, T1 and T2 are turned on, T2 applies the 
negative bias to the power transistor base, thus 
obtaining fast switching and immunity against 
reverse current and dv/dt.* 
The second version of the circuit generates its 
negative bias directly from a positive auxilary 
supply: 
a capacitor C1 (Fig.3) is permanently charged 
via a resistor R1 and a diode D1. At turn off 
switching, T2 is turned on for a time 11, slight- 
ly longer than the power transistor’s storage 
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Fig. 5: Turn-on and off switching waveforms with transistors and Darlingtons 
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Darlington: 
BUF405 + BUF420/BYT30—600 
Turn—on: Yee= 50V /div 
= 10A/div 
: = 100ns/div 
di./dt = 450A/us 
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Darlington: 
BUF405 + BUF420/BYT30—600 
Turn-off: Veg = SOV/div 


Ic = SA/div Ig = 2A/div 


t = 500ns/div 
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Bipolar Junction Transistor: 
BUF420/BYT30-600 
Turn-on: Ves 50V/div 
10A/div 
) = 100ns/div 
di./dt = 450A/us 


Bipolar Junction Transistor: 
BUF420/8YT30-600 
Turn-off: Vee = SOV/div 


Ic = SA/div | p= 2A/div 


t = 500ns/div 
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TABLE2: Switching energy losses of transistor and Darlington with BUF420 and BYT30-600 


time, ts. T2 connects the positive electrode of 
C1 to ground, thus a negative voltage ap- 
pears at the base of TP. T2 turns off after the 
turn off switching of TP and C1 continues 
charging. The state of charge of C1 is inde- 
pendant of duty cycle - sufficient negative 
bias is available with any duty cycle. 


TEST RESULTS 

Fast transistors and Darlingtons made using cel- 
lular technology (e.g.BUF420) have been tested 
in a buck converter with 280V supply voltage and 
20A output current (Fig.4) Both types of switches 
have been driven from the same switch mode 
driver circuit. The turn on and turn off waveforms 
are shown in Fig. 5a and 5b. The devices were 
operated at Tj =85°C. 

As expected, the turn on speed dic/dt of the Dar- 
lington is twice as fast as that of the transistor 
switch. The reverse recovery current of the free 
wheel diode increases with di/dt. This makes the 
difference in turn-on loss between the fast switch- 
ing transistor stage and the faster switching Dar- 
lington stage insignificant (Table 2). The storage 
time of a transistor stage is less than that of a 
Darlington stage. The test results confirm this well 
known fact. 

With a given driver stage, the negative base cur- 
rent of a Darlington is reduced, due to the voltage 
drop of the speed up diodes. (Fig. 4) This ex- 
plains the observed increased turn off losses with 
the Darlington. 


CONDUCTION LOSSES 

The conduction losses, including driver losses 
have been calculated and confirmed by measure- 
ment. With a duty cycle of 100% the total conduc- 
tion losses of a 20A Darlington with conventional 
driver are O.6A x 12V + 1.5V x 20A = 37W. The 
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DEVICE UNDER TEST TURN-ON ENERGY TURN-OFF ENERGY TOTAL SWITCHING 
(DUT) ENERGY 


same Darlington driven from the switch mode 
driver exhibits conduction losses of 32W. The 
conduction losses of the transistor with switch 
mode driver are 0.5A x 20V + 0,5V x 20A =20W. 


This is about 60% of the switch mode driven Dar- 
lington. 


CONCLUSION 

Low loss driver circuits suffered from duty cycle 
limitations, or from excessive circuit complexity. 
New smart power devices reduce this complexity 
to an acceptable level, allowing the introduction 
of switch mode driver techniques in to transis- 
torized power electronic equipment. The new 
configuration can be used to simplify and improve 
existing converter/inverter circuits (fewer auxiliary 
supplies, smaller heatsinks, higher efficiency). 


The use of switch mode driver stages is not 
limited to BUTs, but offers improved efficiency in 
circuits with Darlingtons, BMFETs and GTOs. 
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NPN TRANSISTOR POWER MODULE 


ns HIGH CURRENT POWER BIPOLAR MODULE 

» VERY LOW Rth JUNCTION CASE 

» SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

a ISOLATED CASE (2500V RMS) 

» EASY TO MOUNT 

a» LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 

» SMPS & UPS 

» WELDING EQUIPMENT BUF298V BUF298F 
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INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


| Vcev __ |Collector-Emitter Voltage (Vee = -5 V) 850 
) 


Unit 
: 
| lc [Collector Current | A 
: 

Law 


) 
Ic 
[ie [Base Curent 


Base Peak Current (tp = 10 ms) 16 
| Prot | Total Dissipation at Tc = 25 °C 250 Ww 
Storage Temperature -55 to 150 


BM 
| T,__|Max. Operating Junction Temperature 
Insulation Withstand Voltage (AC-RMS) 2500 
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BUF298F/V 


THERMAL DATA 


Rthj-case 
Rthe-h 


Thermal Resistance Junction-case 


Thermal Resistance Case-heatsink With Conductive 


Grease Applied 


Collector Cut-off 
Current (Ree = 5 Q) 


Collector Cut-off 
Current (Vee = -1.5V) 


Emitter Cut-off Current 
(Ic = 0) 


Vceqsus)* | Collector-Emitter 
Tee eens Voltage 


| ohre*® 


DC [DC Current Gain | [DC Current Gain | 


VceEsat)* |Collector-Emitter 
Saturation Voltage 

VBeE(saty* |Base-Emitter 
Saturation Voltage 

dic/dt |Rate of Rise of 

On-state Collector 

Vce(3 ws) | Collector-Emitter 
Dynamic Voltage 


Vce(5 ps) 


Vcew 


Collector-Emitter 
Dynamic Voltage 
Storage Time 


Fall Time 
Cross-over Time 


Maximum Collector 
Emitter Voltage 
Without Snubber 


Voce = Vcev 
Vce = Vcev 


T= 400°C 
Voce = Vcev 
Voce = Vcev 
Vep=5V 


T, = 100 °C 


Ic =0.2A L=25mH 
Velamp = 450 V 


Ic=32A VcoeE=5V 


Ilc=32A Ip=6.4A 
lc = 382A Ip=6.4A T,= 100°C 


lc=32A Ip=6.4A 
lc=32A Ip=6.4A sa 


Vcc = 300 VV Rcoe=O0 
lIp35 =9.6A T, = 100 


Vcc = 300 V Ro=15Q2 
Ipi =3A T, = 100 °C 


Voc = 300 V Ro=152 
Ip1 =3A T, = 100 °C 


Ic=32A Vcc = 300 V 
Vep=-5V Rep =0.39 2 
Velamp = 450 V lpi = 6.4 A 
L= 78 wH T, = 100°C 
lcwott=48A lpi =6.4A 
Vep=-5V Voc =50V 
L=52uH Rep = 0.39 Q 

T, = 125 °C 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
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Forward Biased SOA 
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Switching Times Inductive Load Versus 
Temperature 
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BUF298F/V 


DC Current Gain Turn-on Switching Test Circuit 
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(1) Fast electronic switch (2) Non-inductive load 


Turn-on Switching Waveforms 
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Turn-off Switching Test Circuit Turn-off Switching Waveforms 


(1) Fast electronic switch (2) Non-inductive load 
(3) Fast recovery rectifier 
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kw, SGS-THOMSON BUF298AF 
Sf | MUCROLELECTRONICS BUF298AV 


NPN TRANSISTOR POWER MODULE 


a» HIGH CURRENT POWER BIPOLAR MODULE 

» VERY LOW Rin JUNCTION CASE 

» SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

a ISOLATED CASE (2500V RMS) 

a EASY TO MOUNT 

a LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 

» SMPS & UPS 

» WELDING EQUIPMENT BUF298AV BUF298AF 
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INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Insulation Withstand Voltage (AC-RMS) 2500 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 


IcER Collector Cut-off Vce = Vcev my mA 
Current (Ree = 5 Q) Vce=Vcev T,= 100°C mA 
Icev Collector Cut-off Voce = Vcev mA 
Current (Vee = -1.5V) | Vce = Vcev = 100°C mA 
ie egomarc ene 
(Ico = 
VcEQ(suUs)” Sea Emitter lc =0.2A L=25mH 
Sustaining Voltage Velamp = 450 V 
ohre® hres [DC Current Gain | Current (DC Current Gain lc =32A Voe=5V ee i 
VceE(saty* |Collector-Emitter Ic =32A Ip=6.4A : 1.2 V 
Saturation Voltage Ilc=32A Ip=6.4A T,=100°C 2 V 
VeeE(saty* |Base-Emitter Ic=32A Ip=6.4A 1 1.5 V 
Saturation Voltage lc=32A Ip=6.4A T,= 100°C 0.4 1.5 V 
dic/dt |Rate of Rise of Vcc = 300 V Rco=O0 tpb=3 us 160 A/us 
On-state Collector Ip1 =9.6A T,= 100°C 
Vce(3 ps) |Collector-Emitter Voc = 300V Ro=15Q 4 7 V 
Dynamic Voltage Ip13 =3A T,= 100°C 
Vce(5 ps) |Collector-Emitter Vec= 300V Ro=15Q 1.6 3 V 
Dynamic Voltage Ip: =3A T,= 100°C 
Storage Time lc =32A Vcc = 300 V 
Fall Time Vep=-5V Rep=0.39 Q 


Cross-over Time Velamp = 450 V_ Ipi=6.4A 
L= 78 nH T, = 100 °C 
lcwott=48A |p: =6.4A 
Vep=-5V Vcc =50V 
L=52pH Rep =0.39 Q 
Ty= 125°C 
* Pulsed: Pulse duration = 300 us, duty cycle 1.5% 


Maximum Collector 
Emitter Voltage 
Without Snubber 
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DC Current Gain Turn-on Switching Test Circuit 
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(1) Fast electronic switch (2) Non-inductive load 
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Turn-off Switching Test Circuit 
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(1) Fast electronic switch (2) Non-inductive load 


(3) Fast recovery rectifier SC-0355 
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NPN TRANSISTOR POWER MODULE 


EASY TO DRIVE TECHNOLOGY (ETD) 

HIGH CURRENT POWER BIPOLAR MODULE 
VERY LOW Rth JUNCTION CASE 

SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

a ISOLATED CASE (2500V RMS) 

a EASY TO MOUNT 

a LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 


an SMPS & UPS BUF460V BUF460F 
» WELDING EQUIPMENT 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
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THERMAL DATA 


Rthy-case | Thermal Resistance Junction-case 


Rthce-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
IcER Collector Cut-off Voce = VceEv 0.2 mA 
Current (Ree = 5 Q) Vce=Vcev T)= 100°C 2 mA 
IcEV Collector Cut-off Vce = VceEv 0.2 mA 
Current (Vpe =-1.5V) |Vce=Vcev T,= 100°C 2 mA 
Emitter Cut-off Current |Vegp =5 V 1 mA 
(Ic = 0) 
Vceqsus)” | Collector-Emitter Ic=0.2A L=25mH 450 V 
Sustaining Voltage Velamp = 450 V 


Nre* DC Current Gain Ic =60A VcoeE=5V 


Vce(saty* |Collector-Emitter Ilc=30A lIp=3A 0.35 V 

Saturation Voltage Ilc=30A Ip=3A T,=100°C 2 V 

Ic=60A Ilp=12A 0.5 V 

Ic =60A Ip=12A Tj = 100°C 2 V 

Veqsaty* |Base-Emitter Ic =60A Ip=12A 1.1 V 

Saturation Voltage lc =60A Ip=12A T,= 100°C 1.5 V 

dic/dt {Rate of Rise of Vec=300V Rc=0 tp = SUS 150 A/us 
On-state Collector lp, =18A T,=100°C 
Vce(3 us) |Collector-Emitter Vec = 300V Rco=302 

Dynamic Voltage Isp1=18A T,=100°C 

Vce(5 us) |Collector-Emitter Vec= 300V Rceo=30Q 2 3 V 
Dynamic Voltage Isp1 =18A T,=100°C 


Storage Time Ic =30A Vcc = 50 V 
Fall Time Vep=-5V Rep=0.2Q2 
Cross-over Time Velamp = 400 V Ipi=3A 
T, = 100 °C 
Icwoff = 80 A Ipi=16A 
Vep=-5V Vcc =50V 
L=80uH Rep=0.22 
T, = 125 °C 
* Pulsed: Pulse duration = 300 ps, duty cycle 1.5 % 


Maximum Collector 
Emitter Voltage 
Without Snubber 
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DC Current Gain Turn-on Switching Test Circuit 
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(1) Fast electronic switch (2) Non-inductive load 


Turn-on Switching Waveforms 
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Turn-off Switching Test Circuit 


Vetamp 
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(1) Fast electronic switch (2) Non-inductive load 
(3) Fast recovery rectifier 
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f SGS-THOMSON BUF460AF 
7 iicROELECTROMICS BUF460AV 


NPN TRANSISTOR POWER MODULE 


EASY TO DRIVE TECHNOLOGY (ETD) 

HIGH CURRENT POWER BIPOLAR MODULE 
VERY LOW Rth JUNCTION CASE 

SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

» ISOLATED CASE (2500V RMS) 

» EASY TO MOUNT 

2 LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 

» MOTOR CONTROL 

» SMPS & UPS BUF460AV BUF460AF 

=» WELDING EQUIPMENT 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 


| 
| 
4 1 


$C04840 


ABSOLUTE MAXIMUM RATINGS 


‘symbot| ——sParameter—=S=S*~*~swCSC*“*‘“‘*‘wSSSSSS*diC 
tc [Collector Curent ——SSSCSC~=<“~*~“‘*~*~sdCSC“‘CSCSCSROSCSC*C“‘CSNS*CCOANCS 
am 
ro 
Te 
av 


Base Peak Current (tp = 10 ms) 
°C 
v 


July 1990 1/5 


ade te rab 157 


BUF460AF/AV 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 


ICER Collector Cut-off Voce = VceEv 0.2 mA 
Current (Ree = 5 Q) Vc—E=Vcev T,= 100°C 2 mA 
IcEv Collector Cut-off Voce = Vcev 0.2 mA 
Current (Vee =-1.5V)  |Vce=Vcev 1, = 100°C 2 mA 
lEBO Emitter Cut-off Current |Ves =5 V 1 mA 
(Ic = 0) 
Vceqsus)” | Collector-Emitter Ilc=0.2A L=25mH 450 V 
Sustaining Voltage Velamp = 450 V 


Collector-Emitter Ilc=30A Ip=3A 
Saturation Voltage lo =30A Ip=3A T,= 100°C 


VcE(sat)* 


Ic =60A Ip=12A 
lc =60A Ip=12A T,= 100°C 


Veesaty* |Base-Emitter lc=60A Ip=12A (4 
Saturation Voltage Ic =60A Ip=12A T,= 100°C 1.5 
dic/dt /|Rate of Rise of Vec=300V Rc=0 tp=3 us 150 
On-state Collector Ip1 = 18A T,=100°C 
Vce(3 ps) |Collector-Emitter Vec= 300V Rce=380Q0 4 
Dynamic Voltage Ip1 =18A T,=100°C 
Vce(5 ws) | Collector-Emitter Vcc = 300V Rceo=30Q 2 3 
Dynamic Voltage Isp1 =18A T,=100°C 
4 


Storage Time Ic =30A Vcc = 50 V 
Fall Time Vep=-5 VV Rep=0.2 2 

Cross-over Time Velamp = 400 V- |Ipi=3A 
L=25pH T)=100°C 


Maximum Collector Icwott= 80 A Ipi1=16A 
Emitter Voltage Vepn=-5V Vcc = 50 V 
Without Snubber L=80uH Rep=0.22 
Tj = 125 °C 


* Pulsed: Pulse duration = 300 ps, duty cycle 1.5% 
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DC Current Gain Turn-on Switching Test Circuit 
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(1) Fast electronic switch (2) Non-inductive load 


Turn-on Switching Waveforms 
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Turn-off Switching Test Circuit Turn-off Switching Waveforms 
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(1) Fast electronic switch (2) Non-inductive load 
(3) Fast recovery rectifier 
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NPN DARLINGTON POWER MODULE 


PRELIMINARY DATA 


EASY TO DRIVE TECHNOLOGY (ETD) 

HIGH CURRENT POWER BIPOLAR MODULE 
VERY LOW Rith JUNCTION CASE 

SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ULTRAFAST FREEWHEELING DIODE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 


» MOTOR CONTROL BUF460DV BUF460DF 
a SMPS & UPS 


a WELDING EQUIPMENT ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


Collector Peak Current (tp = 10 ms) 
(ts [Basecuren Ss S*~=“—*~‘~iSC“‘CSNSC™C#C#NSOOOOC#*d:CAC*~C* 
low [Base Peak Current (=t0me—SSS*dYSCsC‘“‘S*S*CtSC*“‘CSSCC#*d#CON'C 
| Prot [Total Dissipation at Te = 25 °C 
Tap [Storage Temperature SSdYSSCS*~C~SS HO HG.SSC*d;C 


1°) 
C 
Insulation Withstand Voltage (AC-RMS) 2500 
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BUF460DF/DV 


THERMAL DATA 


Rthj)-case | Thermal Resistance Junction-case (transistor) 
Rthj-case | Thermal Resistance Junction-case (diode) Max 
Rthc-h |Thermal Resistance Case-heatsink With Conductive 


Grease Applied 


IcER Collector Cut-off Voce = Vcev 0.2 mA 
Current (Rae = 5 Q) Vce=Vcev 1, = 100°C 2 mA 
IcEv Collector Cut-off Vce = Vcev 0.2 mA 
Current (Vee =-1.5V) |Vce=Vcev TT) = 100°C 2 mA 
(Ic = 
VcEQ(SUS)* Sere Emitter Ic=0.2A L=25mH 450 V 
Sustaining Voltage Velamp = 450 V 


VcE(saty* | Collector-Emitter Ilc=30A Ip=3A 
Saturation Voltage lc=30A Ip=3A T,=100°C 
Ic=60A Ilp=12A 

lc=60A Ip=12A T,= 100°C 


Vee(sat)* |Base-Emitter Ic=60A Ip=12A 1.1 ¥ 

Saturation Voltage lc=60A Ip=12A T,= 100°C 
dic/dt |Rate of Rise of Vcc = 300 V Rc= tp=3us ae 

On-state Collector lpi = 18 A T,=100 2c 

Vce(3 ws) |Collector-Emitter Vocc= 300V Rcoe=302 
Dynamic Voltage Ip, =18A T,=100°C 

Vce(5 ws) | Collector-Emitter Vec= 300V Rcoe=302 
Dynamic Voltage Isp, =18A T,= 100°C 


Storage Time lc = 30A Vcc = 50 V 
Fall Time Vep=-5V Rep = 0.2 Q 
Cross-over Time Velamp = 450 V_ Ip1=3A 

L=0.25 mH T, = 100 °C 


Icwott = 80 A Ip1 = 16A 

Vep=-5V Voc = 50 V 
L = 80 LH Rep = 0.2 2 
T,= 125 ae) 


Diode Forward Voltage |IF=70A T,= 100°C Wee fete ae 


Reverse Recovery Vcc = 200 V lF=70A 


Current dir/dt = -375 A/us L<0.05 nH 
T, = 100 °C 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
To evaluate the conduction losses of the diode use the following equations. 
Ve = 1.1 + 0.007 Ir P = 1.1 lejav) + 0.007 I*Fams) 
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Reverse Biased SOA 
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DC Current Gain Typical Vr Versus IF 
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Turn-off Switching Test Circuit Turn-off Switching Waveforms 
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kw, SGS-THOMSON BUF824F 
7 wicrosectRomcs BUF824V 


NPN TRANSISTOR POWER MODULE 


ADVANCE DATA 


HIGH VOLTAGE, HIGH CURRENT POWER 
BIPOLAR MODULE 

VERY LOW Rth JUNCTION CASE 

ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 

a SMPS & UPS 

» WELDING EQUIPMENT 


BUF824V BUF824F 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


[symbot[ Parameter —=S=*~“‘*~*dSOS*“‘C™éC#WatW®™~™~™~*d*CUnit | 
[te [ease Curent SSSCSC=‘iSC“‘C;S(N™C(SNOOOOC*dCA 
iow [Base Peak curent (p= toma) ——=C*~“‘“‘;S*~“‘“‘~‘SSCSC*C“‘C®S™SC#COC‘A‘*' 
Eta 


( = 
Storage Temperature -55 to 150 
) 
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BUF824F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case 
Rthe-h | Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


IcER Collector Cut-off Voce = Vcev 1 mA 
Current (Ree = 5 Q) Vc—e=Vcev Tj = 100°C 15 mA 
Icev Collector Cut-off Voce = Vcev 1 mA 
Current (Vee = -5) VceE=Vcev Tj = 100°C 15 mA 
(Ic = 
Vce(sus)* eae Emitter Ic=0.2A L=25 mH 800 V 
(ae occas. Voltage Velamp = 800 V 
| hre* [DC CurrentGain — |Ilo = 24 A Vor=5V ae ee Se ae 
VcE(sat)* |Collector-Emitter Ic=24A Ip=6A 2 V 
Saturation Voltage Ilc=24A lIp=6A Tj= 100°C 2.2 V 
VBE(sat)* |Base-Emitter Ilc=24A \Ip=6A ' 
Saturation Voltage Ilc=24A Ip=6A a = 100 °C 
dic/dt |Rate of Rise of Vec=300V Rc= tp=3us ve 
On-state Collector Ip, =9A Tj = 100 a 
Vce(3 ps) |Collector-Emitter Vec= 300V Rc= 
Dynamic Voltage Ip: =A T,=100 co. 
Vce(5 ps) |Collector-Emitter Veco = 300V Roe=AQ V 
Dynamic Voltage Isp, =A T,=100°C 
Storage Time lc =24A 
Fall Time Vea =-5 V Rep = 0.6Q 


Cross-over Time Veclamp = 800 V 
L = 50 pH 
Icwott = 30 A 
Vep=-5 V Voc = 50 V 
L=50 nH Resp = 0.6 Q 
Ty; = 125 °C 
* Pulsed: Pulse duration = 300 us, duty cycle 1.5% 


Maximum Collector 
Emitter Voltage 
Without Snubber 
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f SsGS-THOMSON BUF832F 
If icRoELECTROMICS BUF832V 


NPN TRANSISTOR POWER MODULE 


ADVANCE DATA 


HIGH VOLTAGE, HIGH CURRENT POWER 
BIPOLAR MODULE 

VERY LOW Rith JUNCTION CASE 

ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 

a SMPS & UPS 

» WELDING EQUIPMENT 


BUF832V BUF832F 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


‘symbot| ——~S~=~Parameter SSCS i Cnt 
Collector Peak Current (tp = 10 ms) 
Pie [Basecunens SCSC~=“‘idS*C“‘ONSC#SCOWC*“‘“#SC#d#‘SCAN‘C*s 
[en [Base Peak Current (p=t0me)——SSS—~idSC“‘S3N™T POCO 


ie] 
Storage Temperature -55 to 150 
Insulation Withstand Voltage (AC-RMS) 2500 
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BUF832F/V 


THERMAL DATA 


Rthy-case | Thermal Resistance Junction-case 
Rthe-h |Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


IcER Collector Cut-off Voce = Vcev 1 mA 
Current (Ree = 5 Q) Vce=Vcev T)= 100°C 15 mA 
Icev Collector Cut-off Voce = Vcev 1 mA 
Current (Vee = -5) VceE=Vcev T)= 100°C 15 mA 
; feel Cut-off Current |Vep =5 V 1 mA 
(Ic = 
Vce(sus)* ie Emitter lc=0.2A L = 25 mH 800 V 
Sustaining Voltage Velamp = 800 V 
Vce(sat)* |Collector-Emitter Ic=32A Ip=8A V 
Saturation Voltage Ilc=32A Ip=8A Tj=100°C V 
VBeE(sat)* |Base-Emitter Ic=32A Ip=8A 1.2 V 
Saturation Voltage Ilo =32A Ip=8A Tj=100°C 1.2 V 
dic/dt |Rate of Rise of Vec=8300V Rc=0 tp=3us A/us 
On-state Collector Ip: =12A Tj =100°C 
Voe(3 ws) |Collector-Emitter Vec= 300V Reo=Q V 
Dynamic Voltage Ips =A Tj = 100°C 
Vce(5 ws) |Collector-Emitter Vec= 300V Ro=Q V 
Dynamic Voltage lsa1=A T)= 100°C 
Storage Time Ic =32A Vcc = 50 V 
Fall Time Vep=-5 V Rep = 0.62 


Cross-over Time Velamp = 800 V- Ipi1=8A 

L = 50 wH T; = 100 °C 
Icwott = 45 A Ip1=12A 
Vep=-5V Voc = 50 V 
L = 50 wH Rep = 0.6 Q 
Tj = 125 °C 
* Pulsed: Pulse duration = 300 pts, duty cycle 1.5 % 


Maximum Collector 
Emitter Voltage 
Without Snubber 
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S/ if MICROELECTRONICS BUT3OV 


NPN TRANSISTOR POWER MODULE 


a» HIGH CURRENT POWER BIPOLAR MODULE 

a VERY LOW Rth JUNCTION CASE 

a SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

a» ISOLATED CASE (2500V RMS) 

a EASY TO MOUNT 

a» LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 

a» SMPS & UPS 

a DC/DC & DC/AC CONVERTERS BUT30V BUT30F 


ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
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BUT30F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 
Rthe-h |Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


Collector Cut-off Voce = VcoeEv 


Current (Ree = 5 Q) VceE=Vcev 1,)= 100°C 


Collector Cut-off Vee] Vieey 


Current (Vee = -5) Vce=Vcev T,= 100°C 


ice Cut-off Current |Vep=5 V 
(Io = 

VcEo(sus)" ree Emitter Ilc=0.2A L=25mH 
Sustaining wollage ean =125V 


VcE(sat)* |Collector-Emitter lc= 50A Ilp=2.5A 

Saturation Voltage IBp=2.5A T= 
Ip=10A 
IB=10A 


VeE(sat)* |Base-Emitter IpB=2.5A 

Saturation Voltage Ip=2.5A T, 
IpB=10A 
IpB=10A 


dic/dt |Rate of Rise of Vcc =300V Rco=0 
On-state Collector Ip1 =15A T,= 100°C 
Vce(3 ps) |Collector-Emitter Voc = 300V Ro=12 
Dynamic Voltage Ip1 =15A T,= 100°C 


Vce(5 ps) |Collector-Emitter Vec= 300V Ro=A1Q 
Dynamic Voltage Isp1 =15A T;= 100°C 


Storage Time lc=100A Veco =90V 
Fall Time Vep=-5V Ree = 0.479 
Cross-over Time Velamp = 125 V Ipi=10A 
L=45uH T,=100°C 
Icwotf = 150A Ipi1=10A 
Vep=-5V Vcc =90V 
L=30uH Resp = 0.50 
T, = 125 °C 
* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 


Maximum Collector 
Emitter Voltage 
Without Snubber 
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Safe Operating Areas Thermal Impedance 


GC32170 GC14391 


ans ae K 


— Saas * For single non Fer 
repetitive pulse |— mal 


Simei Cot i i tt 
a HH HH ee 

a a A | 
Co 


ie Fa ruse ortwvon EET cA 
8 bape alla EE roo LL ELLIE | 
iI rd 
| 


=== ——=—==..S SSS SS Sa 


2 


10', Smniiiemniil seal 


at as 
= 4-4 cin 
A sitiiimaai 
mr ie 
—Ts AA 


R 
10" a al one 
i 


Scie aeen cee 
EEE FS att 


20468 ,2 468 32 1072 
10° 10 10 Ver (VY) i0=* 40°" “to? ~ 10" “40? -4y(s) 
Derating Curve Collector-Emitter Voltage Versus 
Base-Emitter Resistance 
z, GC14400 V (Vv) GC153520 
se SM sd ey Ea ORES Fa mW e(V)JTTTIm TIM TIO TOO 
educa icici ies foe ae tiecioea 200 OTS Coot 


190 


ea 
CEE RSR SEE EEE 


160 
i rT 
ro LLIN ir 
= tf IN 
4 GG Ey aS eo ae IVC 
ee ei HCl: Shes Sleek este Ws tele 130 cd SSH SG 
pH ptt tt TT TAH roo LL inc 


eS eI ON ii 
pee MEL" edechetelh odes feck [LJ pha a 
0 50 100 (°C) "0° 10' 10° 10°) Rae(0) 


Collector-Emitter Saturation Voltage Base-Emitter Saturation Voltage 


GC32190 GC32200 


Yee ee i es 


RT ails ec cal Ple tesla clay ee ccsl eI 2 i i iS iD a i 
ia leper ye: i a fe is mae 
feta coat er ee] Medes] NC I alice) et eae) 
Pte ele Yaaa] 8 pete ete eA Mal 

polis PSS elo Mei at D || ie 
Pee ap et) lee colt EST I ica ts het aa eee oe 
Pt tT tt tT Tt tT | T,=100°c | SER RR aR ERE = ae 
ea lt ete SAVE eal ile aoa Pt tT TT ee) 1, =25 °C | 


fied tl ole |all ah ee oll 
Hae a 

eke re eed Lei 
CEE a eae 
| tet | Tt 


| {| | | > Anne 
qan ae 2 Gee eee 
FE co at 
4-1 
ial a (it Dei Da 
1 el a 
anne 

(A 


0 30 100 I. (A) ) 50 100 ) 


3/5 
keyg SGS-THOMSON 
‘I7 wicrogLectrowmes 


175 


BUT30F/V 


Reverse Biased SOA 
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DC Current Gain Turn-on Switching Test Circuit 
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Turn-on Switching Waveforms 
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Turn-off Switching Test Circuit 
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(1) Fast electronic switch (2) Non-inductive load 


(3) Fast recovery rectifier SC-0355 
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NPN TRANSISTOR POWER MODULE 


HIGH CURRENT POWER BIPOLAR MODULE 

VERY LOW Rth JUNCTION CASE 

» SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

a ISOLATED CASE (2500V RMS) 

a EASY TO MOUNT 

a LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
a MOTOR CONTROL 

a SMPS & UPS 

a» DC/DC & DC/AC CONVERTERS BUT32V BUT32F 


ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


a 

tc [Collector Curent SSC~iYSC“‘CSCCC(#ODSCCO#*#*d;C«CAC 

Collector Peak Current (tp = 10 ms) 

[te [ease Curent SCSC=~iSSC“‘(C®SNSNNO..OOOOC(CA 

| Prot | Total Dissipation at Te = 25 °C 
V 


Insulation Withstand Voltage (AC-RMS) 2500 
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BUT32F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case 
Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


Collector Cut-off Vce = Vcev 1 mA 
Current (Ree = 5 Q) Vce=Vcev T,= 100°C 5) mA 
ICEV Collector Cut-off Voce = Vcev 1 mA 
Current (Vee = -5) Vc—E=Vcev 1,= 100°C 4 mA 
(Ic = 
VcEq(sus)* ee Emitter lc =0.2A L=25 mH 300 V 
Sustaining Voltage Velamp = 300 V 
Vce(saty* |Collector-Emitter Ic=40A Ip=4A 0.6 0.9 V 
Saturation Voltage lc =40A Ip=4A T,= 100°C 1.2 1.9 V 
VBE(sat)* |Base-Emitter Ic=40A Ip=4A 1.12 1.3 
Saturation Voltage lc =40A Ip=4A T,= 100°C 1 1.3 
dic/dt Rate of Rise of Vcc = 300 V Rcoe=0 tp=3 us 180 ve 
On-state Collector Ip13 =6A T,= 100°C 
Vce(3 us) |Collector-Emitter Vec= 300V Reo=6.20 
Dynamic Voltage lsp1 =6A T,= 100°C 
Vce(5 us) |Collector-Emitter Vec= 300V Rce=6.20 1.8 3 V 
Dynamic Voltage lp1 =6A T,=100°C 
ts Storage Time Ic =40A Voc = 250 V 
Fall Time Vep=-5 V Rep =0.62 


Cross-over Time Velamp = 300 V- Ip1 = 4A 
L=0.3mH_ T,= 100°C 
Icwoft = 60A Ipi1=4A 
Vep=-5V Vcc =50V 
L=42uH Rep =0.6 Q 
T, = 125 °C 
+ Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 


Maximum Collector 
Emitter Voltage 
Without Snubber 
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Reverse Biased SOA 
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Forward Biased SOA 
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DC Current Gain Turn-on Switching Test Circuit 
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(1) Fast electronic switch (2) Non-inductive load 
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Turn-off Switching Test Circuit Turn-off Switching Waveforms 
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(1) Fast electronic switch (2) Non-inductive load 
(3) Fast recovery rectifier 
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CTI SGS-THOMSON BUT230F 
7 MicROELECTROMICS BUT230V 


NPN TRANSISTOR POWER MODULE 


a HIGH CURRENT POWER BIPOLAR MODULE 

a VERY LOW Rth JUNCTION CASE 

» SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

a ISOLATED CASE (2500V RMS) 

a EASY TO MOUNT 

a LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
a MOTOR CONTROL 

» SMPS & UPS 

» DC/DC & DC/AC CONVERTERS BUT230V BUT230F 


ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
3 


4 1 
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ABSOLUTE MAXIMUM RATINGS 


Collector Peak Current (tp = 10 ms) 300 


[le [base cure r 


> 


[iow [Base Peak Current (p-10me) S| SS CSC~“‘~‘ OS*~“‘;C;S*rCA 
Max. Operating Junction Temperature 
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BUT230F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 


IcER Collector Cut-off Vce = Vcev : mA 
Current (Ree = 5 Q) Vce=Vcev T,)= 100°C mA 
IcEv Collector Cut-off Voce = Vcev mA 
Current (Vee = -1.5) Vce=Vcev T,= 100°C mA 
ml 
(Ic = 
VceEo(sus)* mee Emitter lc=0.2A L=25 mH 
Sustaining Voltage Velamp = 125 V 


DC Current Gain lc=200A VoeE=5V 


Collector-Emitter Ic=100A Ip=5A 
Saturation Voltage lc=100A Ip=5A Tj) =100°C 
Ic=200A Ip=20A 

lc=200A lIp=20A Tj) = 100°C 


lc=100A Ip=5A 
Ic=100A Ip=5A Tj = 100 °C 
Ic=200A Ip=20A 

Ic=200A Ip=20A Tj = 100.0 


dic/dt |Rate of Rise of Vec=100V Rco=0 tp=3us 
On-state Collector Isp, =30A T,=100°C 
Vce(3 us) | Collector-Emitter Vec= 100V Rc=0.50 
Dynamic Voltage Ip) =20A T,= 100°C 


Vce(5 us) |Collector-Emitter Vec= 100V Rc=A0.59 
Dynamic Voltage Isp1 =20A T,=100°C 


Storage Time Ic = 200A Vec = 90 V 
Fall Time Vep=-5 V Rep = 0.25 Q 
Cross-over Time Velamp = 125 VV Ipi=20A 

L=45 pH T, = 100 °C 


Icwott = 300 A lpi =20A 


Base-Emitter 
Saturation Voltage 


VBE(sat)* 


Maximum Collector 


Emitter Voltage Vep=-5V Vec = 90 V 
Without Snubber L=15uH Rep = 0.25 Q 
T, = 125°C 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
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(1) Fast electronic switch (2) Non-inductive load 
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Turn-off Switching Waveforms 


(1) Fast electronic switch (2) Non-inductive load : 
(3) Fast recovery rectifier SC-035 
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CTI SGS-THOMSON BUT232F 
S/ | MICROELECTRONICS BUT232V 


NPN TRANSISTOR POWER MODULE 


a» HIGH CURRENT POWER BIPOLAR MODULE 

a VERY LOW Rth JUNCTION CASE 

» SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

a ISOLATED CASE (2500V RMS) 

» EASY TO MOUNT 

x» LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 

a SMPS & UPS 

» DC/DC & DC/AC CONVERTERS BUT232V BUT232F 


ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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Collector Peak Current (tp = 10 ms) 
Pte [Basecurent CdS CSSC~C~C 
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BUT232F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
Symbol Test Conditions 
ICER Collector Cut-off Voce = VoeEv 
Current (Ree = 5 Q) Vce=Vcev T,= 100°C 
IcEv Collector Cut-off Voce = VceEv 
Current (Vee = -1.5) Vc—E=Vcev 1T,= 100°C 
Emitter Cut-off Current |Vep =5 V 
(Ic = 0) 
Vceosus)* | Collector-Emitter Ic=O0.2A L=25mH 125 
Sustaining Voltage Velamp = 300 V 


DC Current Gain i= OA. Veres Vv 


Collector-Emitter Ic=35A Ip=1.75A 


Typ. 


=e ee 


VcE(sat)* 
Saturation Voltage lc =35A Ip=1.75A T,= 100°C 1.9 
Ic=70A Ip=7A 
lc=70A lIp=7A T,= 100°C 1.9 


VeE(sat)y* |Base-Emitter Ic=70A Ip=7A 
Saturation Voltage lc=70A lIp=7A T,=100°C 
dic/dt |Rate of Rise of Vec=300V Rco=0 tp=3us 120 

On-state Collector Ip, =10A T,= 100°C 

Vce(3 ps) |Collector-Emitter Vec= 200V Rco=3.250 
Dynamic Voltage lp1 = 6.4A T,= 100°C 

Vce(5 ps) |Collector-Emitter Vec= 200V Rce=3.25 Q 
Dynamic Voltage lp1 =6.4A Tj =100°C 


A/us 


/<) <| E[<|=<<5 


s Storage Time 
f Fall Time 
Cross-over Time 


t 
t 
tc 


Icwotf = 105A Ipi=7A 

Vep=-5V Vcc = 50 V 
L = 42 wH Rep = 0.6 Q 
T, = 125 °C 


* Pulsed: Pulse duration = 300 ps, duty cycle 1.5 % 


Maximum Collector 
Emitter Voltage 
Without Snubber 
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DC Current Gain Turn-on Switching Test Circuit 
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(1) Fast electronic switch (2) Non-inductive load 
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Turn-off Switching Test Circuit Turn-off Switching Waveforms 
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(1) Fast electronic switch (2) Non-tnductive load 
(3) Fast recovery rectifier 
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BUV98F 
BUV98V 


NPN TRANSISTOR POWER MODULE 


HIGH CURRENT POWER BIPOLAR MODULE 
VERY LOW Rtn JUNCTION CASE 

SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 


MOTOR CONTROL 
SMPS & UPS 
WELDING EQUIPMENT 


ABSOLUTE MAXIMUM RATINGS 


BUV98V BUV98F 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 
Rthce-h | Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ICER Collector Cut-off Voce = VceEv 1 mA 
Current (Ree = 5 Q) VceE=Vcev T,= 100°C 8 mA 
IcEV Collector Cut-off Voce = Vcev 0.4 mA 
Current (VBE = -5V) Vce=Vcev 1T,= 100°C 4 mA 
lEBO Emitter Cut-off Current |Vep = 5 V 2 mA 
(Ic = 0) 
Vceqsus)”* | Collector-Emitter lc =0.2A L=25mH 450 V 
Sustaining Voltage Velamp = 450 V 
DC Current Gain lc =24A VcoeE=5V Ee ll 
VceE(saty* |Collector-Emitter Ilc=20A Ip=4A V 
Saturation Voltage Ic=30A Ip=8A V 
VeE(saty* |Base-Emitter Ilc=20A Ip=4A V 
Saturation Voltage 
dic/dt |Rate of Rise of Veco =300V Rc=0 tp = 3 US 100 A/us 
On-state Collector ls1 =6A T,= 100°C 
Vcoe(3 us) |Collector-Emitter Vec= 300V Ro=152 V 
Dynamic Voltage lse1=6A T,=100°C 
Vce(5 ws) |Collector-Emitter Vec = 300V Ro=152 4 V 
Dynamic Voltage Ip1 =6A T,= 100°C 
Us 
Us 


Storage Time 
Fall Time 


Maximum Collector 
Emitter Voltage 
Without Snubber 


*« Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
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Turn-off Switching Test Circuit 


Vetamp 
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(1) Fast electronic switch (2) Non-inductive load 
(3) Fast recovery rectifier 
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SF MICROELECTRONICS BUVO8AV 


NPN TRANSISTOR POWER MODULE 


a» HIGH CURRENT POWER BIPOLAR MODULE 

a VERY LOW Rin JUNCTION CASE 

a SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

a ISOLATED CASE (2500V RMS) 

» EASY TO MOUNT 

a LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 

» SMPS & UPS 

» WELDING EQUIPMENT BUVO8AV BUV9O8AF 
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INTERNAL SCHEMATIC DIAGRAM 
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THERMAL DATA 


Rthy-case | Thermal Resistance Junction-case Max 
Rthce-h | Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


IcER Collector Cut-off Voce = Vcev 
Current (Ree = 5 Q) Vce=Vcev T,= 100°C 
IcEV Collector Cut-off Vce = Vcev 
Current (Vee = -5V) Vce=Vcev Tj; = 100°C 
lEBO Emitter Cut-off Current }Vep =5 V 
(Ic = 0) 
Vceqsus)* | Collector-Emitter Ilc=0.2A L=25mH 
Sustaining Voltage Velamp = 450 V 


DC Current Gain Ic=24A Vce=5V 


Vce(sat)* |Collector-Emitter Ic=16A Ip=3.2A 
Saturation Voltage lc =24A Ip=5A 
VeE(sat)* |Base-Emitter Ilc=16A Ip=3.2A 
Saturation Voltage 
dic/dt |Rate of Rise of Vec=300V Rc=0 tp=3uS 
On-state Collector Ip1 =6A T,= 100°C 
Vce(3 ps) |Collector-Emitter Veco= 300V Re=15Q 
Dynamic Voltage Ip1 =6 A T,= 100°C 
Vce(5 us) |Collector-Emitter Vec= 300V Rco=15Q 
Dynamic Voltage lIs1 =6A T,=100°C 


ts Storage Time Vcc = 50 V 
tt Fall Time Le= 1.5: 4H 


lpi =3.2A 
T, = 100 °C 


VcEw Maximum Collector 
Emitter Voltage 
Without Snubber 


+ Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
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Turn-on Switching Waveforms 
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Turn-off Switching Test Circuit Turn-off Switching Waveforms 
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(1) Fast electronic switch (2) Non-inductive load 
(3) Fast recovery rectifier 
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NPN TRANSISTOR POWER MODULE 


» HIGH CURRENT POWER BIPOLAR MODULE 

a VERY LOW Rth JUNCTION CASE 

» SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

a ISOLATED CASE (2500V RMS) 

a» EASY TO MOUNT 

» LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 

a SMPS & UPS 

» WELDING EQUIPMENT BUV298V BUV298F 
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INTERNAL SCHEMATIC DIAGRAM 
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BUV298F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 


ICER Collector Cut-off Voce = VceEv 0.4 mA 
Current (Ree = 5 Q) Vce=Vcev T,= 100°C 2 mA 
ICEV Collector Cut-off Voce = Vcev 0.4 mA 
Current (VBE = -5V) Vce=Vcev T,= 100°C 2 mA 
Emitter Cut-off Current |Veg = 5 V 2 mA 
(Ic = 0) 
Vceosus)* | Collector-Emitter lc=0.2A L=25mH 450 V 
Sustaining Voltage Veclamp = 450 V 
VceE(saty* |Collector-Emitter Ic=32A Ip=6.4A V 
Saturation Voltage Ic =32A Ip=6.4A T,= 100°C V 
VBE(sat)* |Base-Emitter Ic=32A \Ip=6.4A 1 1.5 V 
Saturation Voltage lc =32A Ip=6.4A T,= 100°C 0.9 1.5 V 
dic/dt Rate of Rise of Vec = 300 V Rco=0 tp=3ps 160 210 A/us 
On-state Collector lsp1 =9.6A T,= 100°C 
Vce(3 ps) |Collector-Emitter Veco= 300V Rco=A9.3Q 4.5 V 
Dynamic Voltage lIp1 =9.6A T,= 100°C 
| 
Us 
us 
LS 


Vce(5 us) |Collector-Emitter Vec= 300V Reo=9.32 2.5 4 
Dynamic Voltage Ip1 =9.6A T,= 100°C 


lc =32A Vec = 50 V 
Vepn=-5 VV Rep=0.39 Q 
Velamp = 450 V IB1 = 6.4 A 
L=78uH T,=100°C 
Icwott= 48 A I1p1=6.4A 
Vep=-5V Voc =50V 
L=52uH Rep =0.39 Q 
T, = 125 "C 
+ Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 


Storage Time 
Fall Time 
Cross-over Time 


Maximum Collector 
Emitter Voltage 
Without Snubber 
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(1) Fast electronic switch (2) Non-inductive load 


SC-0353 t 


Turn-off Switching Test Circuit Turn-off Switching Waveforms 
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(1) Fast electronic switch (2) Non-inductive load 
(3) Fast recovery rectifier SC-0355 
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(a, SGS-THOMSON —SE_sBUV298AF 
7 WICROELECTROMICS BUV298AV 


NPN TRANSISTOR POWER MODULE 


x» HIGH CURRENT POWER BIPOLAR MODULE 

a VERY LOW Rith JUNCTION CASE 

» SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

a ISOLATED CASE (2500V RMS) 

» EASY TO MOUNT 

xz LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 

» SMPS & UPS 

» WELDING EQUIPMENT BUV298AV BUV298AF 


ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


a 
Vee |GollectorEmiter Voltage (Vee=-5V) S| SSSCS~OOSSSSSC 
[Veco [Collector-Emitier Voltage (e=0) Sid SSSC*~<CS~SSSSSSCSCSC~C‘“rtCS 
Vee _|Emitter-Base Vollage(Io=0)—==S~=~dSC“‘(SS!WOOCOWCOC*~*~*~‘“‘(RCSC 
Pte [Collector curent SSSC~=<“~*~“‘“‘“RSS*‘“‘CSSC#SC*C*‘“‘CNSC#*COAN'*C 
Collector Peak Current (tp = 10 ms) a see 
[ls [BaseGurent —SCS*~<“~*~s*~rS~“~*‘“*~sSC“‘CSNSC#*C OAC 
ew [Base Peak Cuvrent(p=t0ms) ——=S=S=~=‘“ESC“‘(S)”™C~*~“‘“CSC*LCAN‘*C*' 
| Prot | Total Dissipation at Te = 25 °C 
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BUV298AF/AV 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
Symbol Test Conditions 
ICER Collector Cut-off Voce = VceEv 
Current (Ree = 5 Q) Vce=Vcev T,= 100°C 
IcEV Collector Cut-off Vce = Vcev 
Current (Vee = -5V) VceE=Vcev T,= 100°C 
lEBO Emitter Cut-off Current |Veg = 5 V 
(Ic = 0) 
Vceqsus)* | Collector-Emitter lc =0.2A L=25mH 450 
Sustaining Voltage Veclamp = 450 V 
DC Current Gain lc=32A Voe=5V 


Ee 
Vce(saty* |Collector-Emitter Ic=32A Ip=6.4A 
Saturation Voltage 
(sat)* 


Typ 


Ic=32A Ip=6.4A T,= 100°C 
VBE(sat Base-Emitter Ic=32A Ip=6.4A 
Saturation Voltage lc=32A Ip=6.4A T,= 100°C 
dic/dt  |Rate of Rise of Vec=300V Rc=0 tp=3us 160 
On-state Collector Ip1 =9.6A T,= 100°C 
Vce(3 us) |Collector-Emitter Vec= 300V Rco=9.30 
Dynamic Voltage Ip1 =9.6A T,= 100°C 
Vce(5 us) |Collector-Emitter Vec= 300V Reo=A9.3Q 
Dynamic Voltage lp, =9.6A T,= 100°C 


rep) ine) 


Oo 
i<e) 


4. 


2.5 


NO 
. ai, 
o1 on) 
— aS 
= oo |™ j 


ts Storage Time Ic = 32A Vcc = 50 V 3.2 4.5 
tt Fall Time Vep=-5V Rep=0.39 Q 0.25 0.4 
tc Cross-over Time Velamp = 450 V Ipi1=6.4A 0.5 0.7 


L=78uH T,=100°C 
Icwott=48A 1p1=6.4A 
Vep=-5V Vcc =50V 
L=52uwH Rep =0.39 Q 
T, = 125 ad 
* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
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Maximum Collector 450 
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Turn-off Switching Test Circuit 


Vetamp 
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(1) Fast electronic switch (2) Non-inductive load 
(3) Fast recovery rectifier S(-0355 
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(a, SGS-THOMSON = =—__ESSM2012DF 
7 wicROELECTROMICS ESM2012DV 


NPN DARLINGTON POWER MODULE 


a HIGH CURRENT POWER BIPOLAR MODULE 
a» VERY LOW Rin JUNCTION TO CASE 
SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ULTRAFAST FREEWHEELING DIODE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 


» UPS ESM2012DV ESM2012DF 
» DC/DC & DC/AC CONVERTERS 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


Symbol] _—=S=sParameter—=—SSSSSC*dSCi‘“‘SC;*‘#WWW®”*=S™~™~*~*dCUU 
Collector-Emitter Voltage (Vee = -5 V) 
[te [Base Curent SSC*~“~*é‘“RSC“‘CNNNCOCS™OCOdUCAC 
Piet | Total Dissipation at Te = 25 °C 


Insulation Withstand Voltage (AC-RMS) 2500 
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THERMAL DATA 


Rthj)-case | Thermal Resistance Junction-case (transistor) 
Rthj-case | Thermal Resistance Junction-case (diode) 
Rthe-h | Thermal Resistance Case-heatsink With Conductive 


Grease Applied 


IcerR # [Collector Cut-off Voce = Vcev 1.5 mA 
Current (Ree = 5 Q) Vce=Vcev 1,= 100°C 10 mA 
Icev# {Collector Cut-off Voce = Vcev u i 
Current (Vee = -5V) Vce=Vcev Tj= 100°C 
a 
(Ic = 
VcEQ(sus)* eee Emitter Ic=5A = 15 mH 
Sustaining Voltage Velamp = 125 ‘ 


Thre [Dc Current Gain [le= 100A Voewsv—*«d «deo | 


Voe(saty* |Collector-Emitter Ip = 0.25A V 
1.5 V 

V 

V 


Saturation Voltage Ip=0.25A T,= 100°C 

VeE(sat)* |Base-Emitter lc=100A Ip=i1A 2.3 
Saturation Voltage Ilc=100A Ip=i1A T,= 100°C 2.35 

dic/dt |Rate of Rise of Vec=90V Rc=0 tp =3 us ve 

On-state Collector lsp1 =0.5A T,= 100°C 

Vce(3 ws) |Collector-Emitter Vec= 90V Ro=i1.38Q 2 3 V 
Dynamic Voltage Ip1 =0.5A T,=100°C 

Vce(5 pws) |Collector-Emitter Vec= 90V Rco=i1.32 1.8 2.5 V 
Dynamic Voltage Ip1 =0.5A T,= 100°C 

L = 60 wH Resp = 1.250 


Storage Time 
Ty = 125 °C waee 


Fall Time 
"Ver [Diode Forward Voltage |ir=100A Ti=100° —+| «jose | a | Vv 


Cross-over Time 
Reverse Recovery Vec=125 V IF = 100A uw 


Ip= 1A 


Maximum Collector 
Emitter Voltage 
Without Snubber 


Icwott = 120A 
Vep=-5V Voc = 90 V 


Current dir/dt = -200 A/us L< 0.05 WH 
T, = 100 °C 


* Pulsed: Pulse duration = 300 ps, duty cycle 1.5 % 

# See test circuits in databook tntroduction 

To evaluate the conduction losses of the diode use the following equations: 
Ve = 0.66 + 0.0034 Ir P = 0.66 le(av) + 0.0034 I? ¢RMs) 
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Reverse Biased SOA 
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Turn-off Switching Test Circuit 
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Turn-off Switching Waveforms 
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Turn-off Switching Waveform of Diode 
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7 MICROELECTRONICS ESM2030DV 


NPN DARLINGTON POWER MODULE 


HIGH CURRENT POWER BIPOLAR MODULE 
VERY LOW Rith JUNCTION CASE 

SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ULTRAFAST FREEWHEELING DIODE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 


» UPS ESM2030DV ESM2030DF 
» DC/DC & DC/AC CONVERTERS 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


CL a a a [oe 
a a a eT 
“nu [Base Peak Curent (p= tome) 
| Ptot__|Total Dissipation at Tc = 25 °C 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (transistor) Max 
Rthy-case |Thermal Resistance Junction-case (diode) Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
IceR # |Collector Cut-off Voce = Vcev 1.5 mA 
Current (Ree = 5 Q) Vc—e=Vcev T,= 100°C 16 mA 
Icev # |Collector Cut-off Voce = Vcev 1 mA 
Current (Vee = -5V) Vce=Vcev T,= 100°C 11 mA 
leso # |Emitter Cut-off Current |Vep =5 V 1 mA 
(Ic = 0) 
Vceasus)* | Collector-Emitter Ic =0.2A L=25mH 300 V 
Sustaining Voltage Veclamp = 300 V 


DC Current Gain Ilc=56A Vcoe=5V ie — I 300 an 


VceE(sat)* |Collector-Emitter Ilc=40A Ip=0.4A 
Saturation Voltage lc=40A Ip=0.4A T,= 100°C 

Ic =56A Ip=i.6A 
Ic=56A Ip=1.6A T,= 100°C 


a 
ioe) 


> 
i?) 


Y 
rh 


VeE(sat)* |Base-Emitter Ic=56A Ip=1.6A 

Saturation Voltage lc =56A iIp=1.6A T,= 100°C 
dic/dt | Rate of Rise of Vec=300V Rc=0 tp=3uS 220 

On-state Collector lpi =0.6A T,= 100°C 

Vce(3 ws) |Collector-Emitter Vec= 300V Rco=7.5Q 3 
Dynamic Voltage Ip1 = 0.6 A Tj = 100 °C 

Vce(5 ws) | Collector-Emitter Veoc= 300V Ro=7.5Q 4 
Dynamic Voltage lpi = 0.6A T, = 100 °C 

t Storage Time Ic =40A Voc = 50 V 


Ss 

tr Fall Time Vep=-5V Resp = 0.6 Q 

te Cross-over Time Ini = 0.4 A 
L=0.037 mH Rpp=0.62 


T; = 100 °C 
Vcew 
T, = 125°C 


lowott=67A bi =1.6A a 
Diode Forward Voltage |Ip=56A 1, = 100°C 


Vep=-9V Vcc = 50 V 
Reverse Recovery Voc = 200 V lF=56A 
T, = 100 °C 


Current dir/dt = -220 A/us L< 0.05 wH 
* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 


# See test circuit in databook introduction 
To evaluate the conduction losses of the diode use the following equations: 
Ve=1.14+0.0045 le P=11 Irv) + 0.0045 I?eams) 


Maximum Collector 
Emitter Voltage 
Without Snubber 
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NPN DARLINGTON POWER MODULE 


a» HIGH CURRENT POWER BIPOLAR MODULE 
a» VERY LOW Rth JUNCTION CASE 

a» SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ULTRAFAST FREEWHEELING DIODE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 

un SMPS & UPS ESM3030DV ESM3030DF 
» DC/DC & DC/AC CONVERTERS 
s WELDING EQUIPMENT ISOTOP 
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Collector-Emitter Voltage (lg = 0) 300 
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THERMAL DATA 


Rthj-case |Thermal Resistance Junction-case (transistor) 
Rthj-case | Thermal Resistance Junction-case (diode) 
Rthe-h |Thermal Resistance Case-heatsink With Conductive 


Grease Applied 


lceR # [Collector Cut-off Voce = Vcev 1.5 mA 
Current (Ree = 5 2) Vce=Vcev Tj = 100°C 16 mA 
Icev # |Collector Cut-off Vce = Vcev 1 mA 
Current (Vee = -5) Vce=Vcev Tj = 100°C 11 mA 
(Ic = 0) 
Vceqsus)* | Collector-Emitter Ilc=0.2A L=25mH 300 V 
Sustaining vollade Velamp = 300 V 


[tre Joc curen'Gain —ie=85A verssv Pa [ 


Vcg(sat)* |Collector-Emitter Ic=60A Ip=0.6A 
Saturation Voltage Ic=60A Ip=0.6A T,= 100°C 

Ilc=85A Ip=2.4A 
lc=85A Ip=2.4A Tj) = 100°C 


VpE(sat)* |Base-Emitter Ic=85A Ip=2.4A 2.4 

Saturation Voltage Ic=85A Ip=2.4A T,= 100°C 2.5 
dic/dt [Rate of Rise of Vec=300V Rc=0 tp=3us ae 

On-state Collector lpi =0.9A T, = 100°C 

Vcoe(3 ws) |Collector-Emitter Vec= 300V Reo=5Q 
Dynamic Voltage Ip1 =0.9A T,= 100°C 

Vce(5 us) |Collector-Emitter Vec= 300V Reo=a5Q 
Dynamic Voltage lp, =0.9A T,= 100°C 

Storage Time 


Fall Time 
Cross-over Time 


Icwott = 100 A 
Vep=-5V 


Maximum Collector 
Emitter Voltage 
Without Snubber 


Voc = 200 V lp =85A 
dir/dt = -330 A/us L<50nH 
T, = 100 °C 
* Pulsed: Pulse duration = 300 us, duty cycle 1.5% 

# See test circuits in databook introduction 


To evaluate the conduction losses of the diode use the following equations: 
Ve =1.1 40.0045 lr P=11 Irv + 0.0045 I?eams) 


Reverse Recovery 
Current 
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Turn-off Switching Test Circuit Turn-off Switching Waveforms 
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NPN DARLINGTON POWER MODULE 


» HIGH CURRENT POWER BIPOLAR MODULE 

=» VERY LOW Rtn JUNCTION CASE 

» SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

» ISOLATED CASE (2500V RMS) 

» EASY TO MOUNT 

» LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
a» MOTOR CONTROL 
a» SMPS & UPS 


a WELDING EQUIPMENT ESM3045AV ESM3045AF 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


Collector-Emitter Voltage (Vee = -5 V) 1000 


Icom 


| Tete 
Tstg Storage Temperature -55 to 150 
Insulation Withstand Voltage (AC-RMS) 2500 
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THERMAL DATA 


Rthj)-case | Thermal Resistance Junction-case Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
IcerR # |Collector Cut-off Vce = Vcev 135 mA 
Current (Ree = 5 Q) Vce=Vcev 1,= 100°C 17 mA 
lcev # |Collector Cut- ne Voce = Vcev 1 mA 
Current (Vee = VceE=Vcev 1T,= 100°C 12 mA 
(Ic = 
VcEeo(sus)* eee Emitter Ilc=0.2A L=25 mH 450 V 
aes scene uotage Velamp = 450 V 


| hres | 


VceE(sat)* |Collector-Emitter IpB=O.3A V 

Saturation Voltage Ip=0.3A T,= 100°C 2 V 

Ip=0.72A ; V 

= lIpn=0.72A T, = 100°C 4 2 V 

VeE(sat)* |Base-Emitter = Ip=0.72A 2 V 

Saturation Voltage = lIp=0.72A T,= 100°C 2 2.5 V 

dic/dt Rate of Rise of Vcc =300V Rc=0 tp=3 us 150 200 

On-state Collector lp1 = 1.08A T,= 100°C 

Vce(3 us) |Collector-Emitter Veco= 300V Rce=16.6Q0 4 7 V 
Dynamic Voltage Ip1 = 1.08A T,= 100°C 

Vce(5 us) |Collector-Emitter Vec= 300V Rce=16.60 2.5 4 V 
Dynamic Voltage ls, =1.08A T,=100°C 


Storage Time Ic=18A Veoc=50V 

Fall Time Vep=-5V Rep =0.6 Q 
Cross-over Time Velamp = 450 V- lpi = 0.72 A 
L=0.14mH T,=100°C 


Icwott= 22 A I|p1=0.72A 
Vep=-5V Vcc =50V 
L=0.1mH Rpp=0.60 
T,= 125°C 
* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 

# See test circuit in databook introduction 


Maximum Collector 
Emitter Voltage 
Without Snubber 
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NPN DARLINGTON POWER MODULE 


» HIGH CURRENT POWER BIPOLAR MODULE 
=» VERY LOW Rin JUNCTION CASE 

» SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ULTRAFAST FREEWHEELING DIODE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 

« SMPS&UPS ESM3045DV ESM3045DF 
s DC/DC & DC/AC CONVERTERS 
» WELDING EQUIPMENT ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


‘Symbol| ——~=~=éPavameter ==] SSCs Ci Ct 
Veev [Collestor-Emitter Voltage Vee=-5V) (| —S~—ODSSCSCSC*C‘“‘*S*dCS~=C@W 
[Veeoiss) [Collestor-Emitter Voltage (le=0) | SC SOSSSSC*dSC 
 Veso [Emitter Base Voltage (lo=0) | SC SCdSC 
SO 
[tow [Collector Peak Current (p= 10ms) | SSCSBSSSSSCSC~C CS 
te [BaseGurent SSC~—“‘iSC“*‘“‘CSCSC*SSSCSC*~‘“‘(CA'~ 
pM Base Peak Current (tp = 10 ms) 5 

125 W 


July 1990 1/6 


P| P| ri<j)<j< 


eP 


245 


ESM3045DF/DV 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (transistor) Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
lcerR # |Collector Cut-off Voce = Vcev mA 
Current (Ree = 5 Q) Vce=Vcev T,= 100°C mA 
lcev # |Collector Cut-off Voce = Vcev mA 
Current (Vee = -5) Vce=Vcev Tj= 100°C i. mA 
(Ic = 
VcEo(sus)”* eer Emitter Ilc=0.2A L=25mH 450 V 
Sustaining pcm Velamp = 450 V 


DC CurrentGain —— |ic = 20A Voce =5V 


Ic=15A Ilp=0.3A 
lc=15A Ip=0.3A T,= 100°C 
Ic =20A Ip=1.2A 

lc=20A Ip=1.2A T,= 100°C 


VBE(sat)y* |Base-Emitter lc=20A Ip=1.2A 
Saturation Voltage Ilo =20A Ip=1.2A T,= 100°C 
dic/dt |Rate of Rise of Vec=300V Rc=0 = 
On-state Collector 


Is1 = 0.45A Tj; = 100°C 
Vce(3 ps) |Collector-Emitter Vec= 300 V Rco=202 5 V 
Dynamic Voltage Ip1 =0.45A Tj) =100°C 
Vce(5 pws) | Collector-Emitter Vec= 300V Ro =202 2.5 4.5 V 
Dynamic Voltage Ip1 = 0.45A T,= 100°C 


Storage Time lc=15A Voc=50V 

Fall Time Vep=-5V Repp=0.6 Q 
Cross-over Time Vclamp = 450 V-ipi1 = O.3A 
L=0.17mH T,=100°C 


Icwott = 24 A Ip1=1.2A 
Vep=-5V Vcoc=50V 
L=0.1 mH Rep=0.6Q 
Tj = 125 °C 


Collector-Emitter 
Saturation Voltage 


VceE(sat)* 


Maximum Collector 
Emitter Voltage 
Without Snubber 


Reverse Recovery 
Current 


Vec = 200 V Ir =20A 
dir/dt = -125 A/us L < 0.05 wH 
T, = 100 °C 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 

# See test circuits in databook introduction 

To evaluate the conduction losses of the diode use the following equations: 
Ve = 1.47 + 0.0026 Ir P = 1.47 leiav) + 0.0026 I? FRM) 
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Turn-off Switching Test Circuit Turn-off Switching Waveforms 
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NPN DARLINGTON POWER MODULE 


a HIGH CURRENT POWER BIPOLAR MODULE 

a VERY LOW Rin JUNCTION CASE 

a SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

n ISOLATED CASE (2500V RMS) 

» EASY TO MOUNT 

a LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
a MOTOR CONTROL 
a SMPS & UPS 


a WELDING EQUIPMENT ESM4045AV ESM4045AF 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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V 


July 1990 1/5 


Ic 
lom 
T, 


251 


ESM4045AF/AV 


THERMAL DATA 


Rth-case | Thermal Resistance Junction-case Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied ‘ 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 


Symbol Test Conditions 


Typ 


IceR # |Collector Cut-off Voce = VceEv 1.5 
Current (Ree = 5 Q) Vce=Vcev T,= 100°C 20 

Icev# {Collector Cut-off Voce = VcEv 1 
Current (Vee = -5) VceE=Vcev 7,= 100°C 13 


lespo # =|Emitter Cut-off Current 
(Ic = 0) 
Sustaining Voltage Velamp = 450 V 


Vcesat)* |Collector-Emitter Ip=0.5A 
Saturation Voltage IB=0.5A T,= 100°C 

Ip=1.2A 
Ip = 1.2A T) = 100 °C 


VBE(sat)* |Base-Emitter Ip=1.2A 

Saturation Voltage Ip=1.2A Tj; =100°C 
dic/dt |Rate of Rise of Vec=300V Rc=0 tp=S3us 240 

On-state Collector Ip1 = 1.8A T,= 100°C 

Vce(3 ws) | Collector-Emitter Veco = 300V Ro=102 
Dynamic Voltage Ip1 = 1.8A T,= 100°C 

Vce(5 us) |Collector-Emitter Vec= 300V Ro=102 
Dynamic Voltage lp1 =1.8A T,= 100°C 


Storage Time lc =30A Veoc=50V 
Fall Time Vep=-5V Rep=0.62 

Cross-over Time Velamp = 450 V-ip1 = 1.2A 
L=80pH T,=100°C 


Icowoff = 386A Ipi1=1.2A 
Veap=-5V Vec=50V 
L=0.07mH Rep=0.6Q0 
T, = 125 °C 
* Pulsed: Pulse duration = 300 us, duty cycle 1.5% 

# See test circuits in databook introduction 
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Reverse Biased SOA 
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Turn-off Switching Test Circuit 
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NPN DARLINGTON POWER MODULE 


HIGH CURRENT POWER BIPOLAR MODULE 
VERY LOW Rith JUNCTION CASE 

SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ULTRAFAST FREEWHEELING DIODE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 

a SMPS & UPS ESM4045DV ESM4045DF 
» DC/DC & DC/AC CONVERTERS 
» WELDING EQUIPMENT ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (transistor) Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 


rSymboi [Parameter [Test Conditions ‘| Min. | Typ. | Max. | Unit 


lceR# |Collector Cut-off Voce = Vcev 1.5 mA 
Current (Ree = 5 Q) VceE=Vcev 1T,)= 100°C 20 mA 


Icev # {Collector Cut-off Voce = Vcev 
Current (VBE = -5) VceE=Vcev T,= 100°C 


leBo # ae Cut-off Current |Vep =5 V 
(lo = 


Vceo(sus)* Scicear Emitter lc =0.2A L=25 mH 
Sustaining Voltage Velamp = 450 V 
DC Current Gain Ic=35A Vcer=5V 


VceE(sat)* |Collector-Emitter Ilc=25A Ip=0.5A 

Saturation Voltage Ilo =25A Ip=0.5A T,= 100°C 
Ilc=35A Ip=2A 

lc=35A Ip=2A 7,=100°C 


VBE(sat)* |Base-Emitter Ic=35A Ip=2A 2.3 

Saturation Voltage Ic=35A Ip=2A x = 100°C 2.3 
dic/dt {Rate of Rise of Vcc =300V Rc= tp=3 pS ve 

On-state Collector Ip1 =0.75A Ty= fe °C 

Vce(3 us) | Collector-Emitter Vec= 300V Ro=A12Q0 
Dynamic Voltage lp1 = 0.75A T,= 100°C 

Vce(5 us) |Collector-Emitter Vec= 300V Rceo=i2Q 
Dynamic Voltage Ip1 =0.75A Tj = 100°C 


Storage Time lc =25A Voc=50V 

Fall Time Vep=-5V Rep=0.6 Q 
Cross-over Time Velamp = 450 V- [pi =0.5A 
L=0.1mH T,=100°C 


Icwotf = 42 A Ipi1=2A 
Vep=-5V Vcc =50V 
L=0.06 mH Rpep=0.62 
T, = 125 °C 


Maximum Collector 
Emitter Voltage 
Without Snubber 


Reverse Recovery 
Current 


Voc =200 V Ir =35A 
dir/dt = -200 A/us L< 0.05 uwH 
Ty = 100 °C 


* Pulsed: Pulse duration = 300 ps, duty cycle 1.5% 

# See test circuits in databook introduction 

To evaluate the conduction losses of the diode use the following equations. 
Ve = 1.540.001 Ir P = 1.5 levav) + 0.001 I? ¢:ams) 
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a» HIGH CURRENT POWER BIPOLAR MODULE 
» VERY LOW Rth JUNCTION CASE 

a SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ULTRAFAST FREEWHEELING DIODE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 


ua SMPS & UPS ESM5045DV ESM5045DF 
a» WELDING EQUIPMENT 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (transistor) 
Rthj-case |Thermal Resistance Junction-case (diode) 
Rthc-h | Thermal Resistance Case-heatsink With Conductive 


Grease Applied 


Symbol Test Conditions 


lceR# [Collector Cut-off Voce = Vcev 
Current (Ree = 5 Q) Vce=Vcev T,= 100°C 


lcev # |Collector Cut-off Voce = Vcev 
Current (Vee = -5) Vc—E=Vcev 1,= 100°C 


(lco= 
VcEo(sus)* ae Emitter lo =0.2A L=25mH 
Pare acct Sei Velamp = 450 V 


| ohre® DC Current [DC Current Gain Ic=50A VceE=5V 


Ilc=35A Ip=0.7A 
Ic=35A Ip=0.7A T; = 100 °C 
Ic=50A Ip=2.8A 
Ilc=50A Ip=2.8A T,= 100°C 


VeE(sat)* |Base-Emitter Ic=50A Ip=2.8A 
Saturation Voltage Ic =50A Ip=2.8A T,= 100°C 
dic/dt {Rate of Rise of Vcc = 300 V Rc=0 tp = 3 us 
On-state Collector Ip: =1.05A T,= 100°C 
Vce(3 ws) |Collector-Emitter Vec= 300V Rc=8.50 4.5 V 
Dynamic Voltage lp1 = 1.05A T,=100°C 
Vce(5 us) |Collector-Emitter Vec= 300V Rc=8.52 2.5 4.5 V 
Dynamic Voltage Ip: = 1.05A T,= 100°C 
ts Storage Time Ic = 35A Vcc = 50 V 3.2 5 Us 
tf Fall Time Vep=-5 V Rep = 0.6 Q 0.25 of a 


tc Cross-over Time Velamp = 450 V- lpi =0.7A 0.75 
L=0.07 mH_ T, = 100°C 


Vcew Maximum Collector Icwotf= 560A Ipi=2.8A 
Emitter Voltage Vep=-5V Vcc=50V 
Without Snubber L=42uH Rope =0.6 Q 
Ts = 125°C 


Diode Forward Votlage |r=508 T= 100° -~| ~+di as fie | Vv 


Reverse Recovery Vec=200V Ir =50A uw 


Collector-Emitter 
Saturation Voltage 


VcE(sat)* 


Current dir/dt = -300 A/us L< 0.05 nH 
T, = 100 °C 


» Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 

To evaluate the conduction losses of the diode use the following equations: 
Ve = 1.5 + 0.0055 Ir P = 1.5 lryav) + 0.0055 |? F(RMS) 

# See test circuits in databook introduction 
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Typical Ve Versus Ir 
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Turn-off Switching Test Circuit Turn-off Switching Waveforms 
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(1) Fast electronic switch (2) Non-inductive load 
(3) Fast recovery rectifier 


Turn-off Switching Test Circuits of Diode 
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NPN DARLINGTON POWER MODULE 


HIGH CURRENT POWER BIPOLAR MODULE 

» VERY LOW Rin JUNCTION CASE 

» SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

as ISOLATED CASE (2500V RMS) 

» EASY TO MOUNT 

a» LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 
a SMPS & UPS 


» WELDING EQUIPMENT ESM6045AV ESM6045AF 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
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[7 [Mes Sprang sion Tampere [nen 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
lcerR # |Collector Cut-off Voce = Vcev 1.5 mA 
Current (Ree = 5 Q) Vce=Vcev T,= 100°C 22 mA 
lcev# |Collector Cut-off Voce = Vcev mA 
Current (Vee = -5) Vc—e=Vcev Tj = 100°C mA 
ee 
(Ic = 
VcEo(sus)* eee Emitter Ic=0.2A L=25mH 
Sustaining Voltage Velamp = 450 V 


DC Current Gain Ic =60A Vce=5V 


VceE(sat)* |Collector-Emitter Ic=50A Ip=1A 
Saturation Voltage Ilc=50A Ip=1A  T,=100°C 
Ic=60A Ip=2.4A 
Ilc=60A Ip=2.4A T,= 100°C 


VeE(sat)* |Base-Emitter lc=60A Ip=2.4A 
Saturation Voltage Ilc=60A Ip=2.4A T,= 100°C 
dic/dt |Rate of Rise of Vec = 300 V Rc=0 
On-state Collector Ip1 =3.6A Tj) = 100°C 
Vce(3 ps) | Collector-Emitter Vec= 300V Reo=52 
Dynamic Voltage Ip1 =3.6A T,= 100°C 
Vce(5 ps) |Collector-Emitter Vec= 300V Reo=5Q 
Dynamic Voltage Ip1 =3.6A T,= 100°C 


Storage Time lc=60A Voc =50V 

Fall Time Vep=-5V Rep =0.3 

Cross-over Time Velamp = 450 V- lp1 = 2.4 A 
L=0.04mH T,= 100°C 


Maximum Collector lIcwott = 72 A 181 =2.4A 
Emitter Voltage Vep=-5V Vcoc=50V 
Without Snubber L=35 pH Rep =0.3 2 
Ty = 125 °C 
* Pulsed: Pulse duration = 300 ps, duty cycle 1.5 % 
# See test circuits in databook introduction 
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DC Current Gain Turn-on Switching Test Circuit 
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7 wicrozectRomes ESM6045DV 


NPN DARLINGTON POWER MODULE 


HIGH CURRENT POWER BIPOLAR MODULE 
VERY LOW Rth JUNCTION CASE 

SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ULTRAFAST FREEWHEELING DIODE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 

» MOTOR CONTROL 

a SMPS & UPS ESM6045DV ESM6045DF 
» DC/DC & DC/AC CONVERTERS 

» WELDING EQUIPMENT ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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Collector-Emitter Voltage (Vee = -5 V) ae a, 


[te [ease cures SSC*~<“~*~“‘“SSC“‘CSCSOC~*dSCAN 


Insulation Withstand Voltage (AC-RMS) 2500 
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ESM6045DF/DV 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (transistor) 
Rthj-case | Thermal Resistance Junction-case (diode) 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
lceR # |Collector Cut-off Voce = VceEv 1.5 mA 
Current (Ree = 5 Q) VceE=Vcev Tj= 100°C 22 mA 
Icev # |Collector Cut-off Vce = Vcev 1 mA 
Current (Vee = -5) Vc—e=Vcev Ty= 100°C 15 mA 
leao # =|Emitter Cut-off Current |Vep =5 V 1 
(Ic = 0) 
Vceqsus)* | Collector-Emitter Ilc=0.2A L=25 mH 450 V 
Sustaining Voltage Velamp = 450 V 


VcE(sat)* |Collector-Emitter Ic =50A Ip=1A 
Saturation Voltage Ic =50A Ip=1A T,=100°C 
Ic=70A Ilp=4A 

lcs 70A Jlp= 4A TS 100°C 


VBE(sat)* |Base-Emitter lc=70A Ip=4A 2.3 V 

Saturation Voltage lc=70A Ip=4A T,=100°C 2.4 3 V 
dic/dt {Rate of Rise of Vec=300V Rco=0 tp=3us 375 450 A/us 

On-state Collector Inn = 1.5A T,= 100°C 

Vce(3 ps) | Collector-Emitter Vec= 300V Reo=6Q V 
Dynamic Voltage Ip, = 1.5A T,= 100°C 

Vce(5 us) | Collector-Emitter Vec= 300V Rce=6Q 3 4.5 V 
Dynamic Voltage lsp1 =1.5A T,= 100°C 

ts 


Storage Time Ilc=50A Vcc=50V 
tt Fall Time Vep=-5V Rep =0.3 Q 
te Cross-over Time Velamp = 450 Vo Ip1 = 1A 
L=0.05mH_ T,= 100°C 


Icwotf = 84 A Ipi=4A 
Vep=-5V Vcc =50V 

L=0.03 mH Rep =0.3 Q 
T, = 125 °C 


Maximum Collector 
Emitter Voltage 
Without Snubber 


Voc =200 V Ir =70A 
dir/dt = -375 A/us L<0.05 pH 
7) =:100°C 
* Pulsed: Pulse duration = 300 us, duty cycle 1.5% 

# See test circuits in databook introduction 


To evaluate the conduction losses of the diode use the following equations: 
Ve = 1.5 + 0.0055 Ir P = 1.5 lrav) + 0.0055 I7e(RMs) 
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Reverse Biased SOA 
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Turn-off Switching Test Circuit Turn-off Switching Waveforms 
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NPN DARLINGTON POWER MODULE 


HIGH CURRENT POWER BIPOLAR MODULE 
VERY LOW Rth JUNCTION CASE 

SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ULTRAFAST FREEWHEELING DIODE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 


n SMPS & UPS ESM7545DV ESM7545DF 
» WELDING EQUIPMENT 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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THERMAL DATA 


Rth)-case | Thermal Resistance Junction-case (transistor) Max 
Rth)-case | Thermal Resistance Junction-case (diode) Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise — 
Symbol Test Conditions 
IcerR # |Collector Cut-off Voce = Vcev svat 
Current (Ree = 5 Q) Vce=Vcev T,= 100 °C mA 
lcev# |Collector Cut-off Voce = Vcev mA 
Current (Vee = -5) Vce=Vcev 1,= 100°C mA 
reer gene pe 
(Ico = 
Vceo(sus)* ee Emitter lc=O0.2A L=25 mH 
Sustaining pecnnicar = Vclamp = 450 V 


DC DC Current Gain Gain Ic=75A VcoeE=5V 


Vcesat)* |Collector-Emitter 
Saturation Voltage 


Vee(saty* |Base-Emitter 
Saturation Voltage 


dic/dt Rate of Rise of Vcc =300V Rce= 
On-state Collector Ini =1.5A T= fo 
Vce(3 us) |Collector-Emitter Vec= 300V Ro=4Q 
Dynamic Voltage lp, =1.5A Tj = 100°C 
Vcoe(5 ws) |Collector-Emitter Vec= 300V Reo=a4Q 
Dynamic Voltage Ip: = 1.5A Tj = 100°C 


Storage Time lc =75A Vcc = 50 V 
Fall Time lpi = 1.5A Ip2o=-4A 
Cross-over Time Velamp = 400 V- Rep =0.32 
L=50 uH T, = 100°C 
Maximum Collector lowott = 75 A 
Emitter Voltage Vcc = 50 V 
Without Snubber L=50 nH 
T, = 125 °C 


Reverse Recovery 
Current dif/dt = 375 A/us L<50nH 
T; = 100 °C 
* Pulsed: Pulse duration = 300 ps, duty cycle 1.5% 
To evaluate the conduction losses of the diode use the following equations: 


Vr = 0.66 + 0.0034 Ir P = 0.66 Iriav) + 0.0034 I?Fams) 
# See test circuits in databook introduction 
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MICROELECTRONICS ESMT5070DV 
NPN THREE STAGE DARLINGTON 

POWER MODULE 

ADVANCE DATA 


a HIGH CURRENT POWER BIPOLAR MODULE 
VERY LOW Rth JUNCTION CASE 

» SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ULTRAFAST FREEWHEELING DIODE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 

» MOTOR CONTROL 

a SMPS & UPS ESMT5070DV ESMT5070DF 

a WELDING EQUIPMENT 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 


3 


ABSOLUTE MAXIMUM RATINGS 


[symboi|——~=«~avameter=—==SS*S*~*~idSC“‘“‘CS#C™;S#Ca®™ (Unit 
Collector-Emitter Voltage (Vpe = -5 V) 
Collector Peak Current (tp = 10 ms) 
Pts [pase curent —SSCSCisSC“CSNSCOC#C#‘“SN‘“CSSN’N#NCNY’CC_ 

Base Peak Current (tp = 10 ms) 
| Prot _|Total Dissipation at Te = 25 °C 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (transistor) 

Rth)-case | Thermal Resistance Junction-case (diode) 

Rthc-h |Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


IcER Collector Cut-off Vce = Vcev 
Current (Ree = 5 Q) Vce=Vcev T,= 100°C 


ICEV Collector Cut-off Voce = VceEv 
Current (Vee = -5) Vc—E=Vcev T;= 100°C 
(lé= 
Vceo(sus)* ae Emitter lo =0.2A L=25 mH 
Sustaining Voltage Vclamp = 700 V 


DC Current Gain Ic=50A Vce=4V 


VceE(saty* |Collector-Emitter Ic =30A 
Saturation Voltage Ic =30A 

Ic =50A 

Ic =50A 


VBE(sat)* |Base-Emitter Ic =30A : 
Saturation Voltage lc=30A Ip=0.3A T,= 100°C 
Ilc=50A Ip=0.5A 
Ilc=50A Ip=0.5A T,= 100.0 


dic/dt |Rate of Rise of Vcc = 300 V Rco=0 
On-state Collector Ip1 =0.5A Tj = 100 


Vce(3 ps) |Collector-Emitter Vec= 300V Rco=62 
Dynamic Voltage Ip1 = 0.75A T,= 100°C 


Vce(5 us) |Collector-Emitter Vec= 300V Rco=62 
Dynamic Voltage Ip1 =0.75A T,= 100°C 


Storage Time Ic =50A Vcc = 50 V 
Fall Time Ip1 =O0.5A Ip2=-0.5A 
Cross-over Time Rep =102 Velamp = 400 V 

L=40pnH T,=100°C 
Maximum Collector Icwott=50A Voc =50V 
Emitter Voltage Ip1 =O.5A Ip2 = -0.5A 
Without Snubber L = 40 nH Rep = 10 Q 

T, = 125 6 

lr=50A T,=100°C 


Reverse Recovery Vcc = 200 V IF =35A 
Current dir/dt = 200 A/us L<50nH 
T, = 100 °C 
* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 


To evaluate the conduction losses of the diode use the following equations. 
Ve = 1.1 + 0.006 Ir P = 1.1 Ir~av) + 0.006 I?F(ams) 
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NPN DARLINGTON POWER MODULE 


EASY TO DRIVE TECHNOLOGY (ETD) 

HIGH CURRENT POWER BIPOLAR 

MODULE VERY LOW Rith JUNCTION CASE 
SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

» ISOLATED CASE (2500V RMS) 

» EASY TO MOUNT 

a» LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 


» SMPS & UPS STF4045AV STF4045AF 
» WELDING EQUIPMENT 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


Fo 7 
Collector Peak Current (tp = 10 ms) 


lem | Base Peak Current (tp = 10 ms) 
Total Dissipation at Te = 25 °C 
| Tso | 

Tstg Storage Temperature -55 to 150 
Insulation Withstand Voltage (AC-RMS) 2500 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (transistor) 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 


lcen # |Collector Cut-off Voce = Vcev : mA 
Current (Ree = 5 Q) Vce=Vcev T,= 100°C mA 

lcev # [Collector Cut-off Voce = Vcoev mA 
Current (Vee = -5) Vce=Vcev T,= 100°C mA 

leno # |Emitter Cut-off Current |Vep = 5 V 
(Ic = 0) 

VceEo(sus)* |Collector-Emitter Ic =0.2A L=25mH 

Paes nace. Voltage Velamp = 450 V 


| ohre* | [DC Current Gain | [DC Current Gain | Gain Ic =30A Voe=5V 
Ic=25A Ip=0.5A 
Ic =25A Ip=O0.5A T, = 100 °C 


Ic=30A IpH1.2A 
Ic=S30A Ip=i.2A T, = 100 °C 


VeE(saty* |Base-Emitter tlc =30A Ip=1.2A 2A V 

Saturation Voltage Ilc=30A Ip=1.2A T,= 100°C 2.1 3 V 
dic/dt |Rate of Rise of Vcc =300V Rco=0 tp = 3 pS 240 A/us 

On-state Collector lIp1 =1.8A T,=100°C 

Vce(3 us) |Collector-Emitter Vec= 300V RoH=122 3 5 V 
Dynamic Voltage lp, = 1.8 A Tj = 100 °C 

Vce(5 us) |Collector-Emitter Vec= 300V Ro=12Q 2 3 V 
Dynamic Voltage Ip1 = 1.8 A T, = 100 °C 
Storage Time 


Fall Time 
Cross-over Time 


Collector-Emitter 
Saturation Voltage 


VcE(sat)* 


Storage Time 
Fall Time 
Cross-over Time 


Maximum Collector 
Emitter Voltage 
Without Snubber 


Icwott = S6A Ip1=1.2A 
Vep=-5 V Vcc = 50 V 
L=70uH Rep=062 
Tj = 125 °C 
* Pulsed: Pulse duration = 300 ps, duty cycle 1.5% 

# See test circuits in databook introduction 
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NPN DARLINGTON POWER MODULE 


EASY TO DRIVE TECHNOLOGY (ETD) 

HIGH CURRENT POWER BIPOLAR 
MODULE VERY LOW Rith JUNCTION CASE 
SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ULTRAFAST FREEWHEELING DIODE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 


» MOTOR CONTROL STF4045DV STF4045DF 
» SMPS & UPS 
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ABSOLUTE MAXIMUM RATINGS 


(Symbot[——~=SParameter=—=~=S=~*~<“~*~—sCSCSC‘“~*~“<~*~*~«s WSC 
[ Voev [Collector Emiter Voltage (Vee=5¥) +(| —~S~S—iOSCSC~dCSiC 
Wesores |Colletor-Emiter Voltage (le=0) ig 
TVes0 [Emiter-Base Votage(Ic=0)=~SC~*idtCSCsC“‘CNSC#OW™SCSC*dSCOV 
[tc [Collector Current ——SSCS*=<“—*é‘“‘“*~dSC“‘C™CC™C#SSO#*#*~*~*~*~‘dS~CACS 
ew [Collector Peak Current p= 1Oms)——~—S=dt SSSA 
[te [ease cures SSSC~iSC“‘“‘CNCSCASSdA 
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THERMAL DATA 


Max 
Max 


Thermal Resistance Junction-case (transistor) 
Thermal Resistance Junction-case (diode) 

Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


Rthj-case 
Rthj-case 
Rthe-h 


Collector Cut-off 
Current (Ree = 5 Q) 


IceR # 
Collector Cut-off Voce = Vcev 


lcev # 
Current (Vee = -5) Vce=Vcev Ty= 100°C 


(Ic = 
VcEO(sus)* ee Emitter Ic=0.2A L=25mH 
Sustaining Voltage 


Veclamp = 450 V 
hre* DC DC Current Gain DC Current Gain 


lc=35A Vece=5V 
Collector-Emitter Ic=25A Ip=O0.5A 
Saturation Voltage Ilc=25A Ip=0.5A Tj = 100°C 
Ic=35A Ip=2A 


lc=35A Ip=2A 
Ic=385A Ip=2A 
lc=385A Ip=2A Tj) =100°C 
Veoc=300V Rco=0 tp=3us 
lp1 =0.75A Tj =100°C 
Voc = 300V Ro=122 
Ip, =0.75A T;)=100°C 
Veco= 300V Ro=122 
Ip: =0.75A Ty = 100°C 


Voce = Vcev 


Vce=Vcev Tj = 100°C 


VcE(sat)* 


T, = 100 °C 


VeeE(saty* |Base-Emitter 
Saturation Voltage 


dic/dt Rate of Rise of 
On-state Collector 


Vce(3 ps) | Collector-Emitter 
Dynamic Voltage 


Vce(5 ps) |Collector-Emitter 
Dynamic Voltage 


Storage Time 
Fall Time 
Cross-over Time 


Storage Time 
Fall Time 
Cross-over Time 


Maximum Collector 
Emitter Voltage 
Without Snubber 


Diode Forward Voltage 
dir/dt = 


Reverse Recovery 
T, = 100 °C 


Current 
* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
# See test circuits in databook introduction 


lpi =2A 
Veco = 50 V 
Rep = 0.62 


Ir =35A T, = 100 °C 
Vcc = 200 V 


lF=35A 


-200 A/us L< 0.05 LH 


To evaluate the conduction losses of the diode use the following equations: 


Ve = 1.140.007 IF =P = 1.1 Fav) + 0.007 I? Fam) 
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EASY TO DRIVE TECHNOLOGY (ETD) 

HIGH CURRENT POWER BIPOLAR 

MODULE VERY LOW Rith JUNCTION CASE 
SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

a» ISOLATED CASE (2500V RMS) 

» EASY TO MOUNT 

a LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 


» SMPS & UPS STF6045AV STF6045AF 
» WELDING EQUIPMENT 
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ABSOLUTE MAXIMUM RATINGS 


[Symbot [Parameter ete 
Collector-Emitter Voltage (Vee = -5 V) 
| ee ee 


Insulation Withstand Voltage (AC-RMS) 2500 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (transistor) 
Rthe-h |Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


lcerR # |Collector Cut-off Vce = Vcev 
Current (Ree = 5 Q) Vce=Vcev Tj= 100°C 


lcev# |Collector Cut-off Vce = Vcev 
Current (Vpe = -5) VceE=Vcev Ty)= 100°C 


lEBo # faeo Cut-off Current |Vep=5 V 
(Ic = 


VcEO(sus)* a Emitter Ic =0.2A L=25mH 
Sustaining Voltage Velamp = 450 V 


Tj = 100 °C 


Saturation Voltage Ilc=50A Ip=iA T, = 100 °C 
Ic=60A Ip=2.4A 
VeE(saty* |Base-Emitter ; 
Saturation Voltage Ilc=60A Ip=2.4A T,= 100°C 
Vcc =300V Rco=0 tp = 3 pus 
Vce(5 us) |Collector-Emitter Vec= 300V Rceo=5Q 
Dynamic Voltage lp, =3.6A T, = 100 °C 
Storage Time = 


DC Current Gain Ic=60A VceE=5V 
VceE(sat)* |Collector-Emitter Ic =50A Ip=1A 
Ic=60A Ip=2.4A 
Ic=60A 
dic/dt |Rate of Rise of 
On-state Collector Ip13=3.6A T,= 100°C 
Vce(3 ps) |Collector-Emitter Vec= 300V Reo=5Q 
Dynamic Voltage Ip1 =3.6A T,=100°C 
Fall Time 
Cross-over Time 
Storage Time 


Fall Time 
Cross-over Time 


lcwott= 72 A 
Vep=-5 V Vec = 50 V 
L=35 pH Rep = 0.3 Q 
T, = 125 2 @ 
* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 

# See test circuits in databook introduction 


Maximum Collector 
Emitter Voltage 
Without Snubber 
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HIGH CURRENT POWER BIPOLAR 

MODULE VERY LOW Rith JUNCTION CASE 
SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ULTRAFAST FREEWHEELING DIODE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 


» MOTOR CONTROL STF6045DV STF6045DF 
» SMPS & UPS 


a WELDING EQUIPMENT ISOTOP 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (transistor) 
Rthj-case | Thermal Resistance Junction-case (diode) 
Rthe-h |Thermal Resistance Case-heatsink With Conductive 


Grease Applied 


IceR # |Collector Cut-off Vce = VceEv 
Current (Ree = 5 Q) Vce=Vcev j= 100°C 


Icev # |Collector Cut-off Vce = Vcev 
Current (Ve = -5) Vce=Vcev 1T,= 100°C 


leno # {Emitter Cut-off Current |Vep =5 V 
(Ic = 0) 
VceEo(sus)” | Collector-Emitter lc=0.2A L=25 mH 
Sustaining Voltage Velamp = 450 V 
DC Current Gain lc=70A Vce=5V 


VceE(sat)* |Collector-Emitter Ilc=50A Ip=lA 
Saturation Voltage Ilc=50A Ip=1A 7T,=100°C 
lc=70A Ip=4A 

lc=70A Ip=4A_ 1T)=100°C 


VBE(sat)* |Base-Emitter Ic=70A Ip=4A 

Saturation Voltage lc=70A lIp=4A_ T,=100°C 
dic/dt |Rate of Rise of Voc =300V Rco= tp=3 pus 

On-state Collector lIpp=1.5A Ty= 166 °C 

Vcoe(3 us) |Collector-Emitter Vec= 300V Rceo=62 
Dynamic Voltage Ip1 = 1.5A T, = 100 °C 

Vce(5 us) |Collector-Emitter Vec= 300V Rceo=6 

Dynamic Voltage lp, = 1.5A T, = 100 °C 


Storage Time Ic=50A Vcc = 50 V 
Fall Time Vep =-5 V Rep = 0.6 Q 
Cross-over Time Velamp = 400 V- Ipi = 1A 

L = 50 uwH T, = 100 °C 
Ic=50A 
Vep=O0V Res = 0.602 
Velamp = 400 V 
L = 50 nH 


Icwott = 80 A 
Vep=-5 V Vcc = 50 V 
L = 30 wH Rep =0.30 


Ty = 125 °C wene 


Diode Forward Voltage lir=70A T=100°% ~+|-+|~+di 18 |v 


Reverse Recovery Voc =200V Ir =70A p ] feet 


Storage Time 
Fall Time 
Cross-over Time 


Maximum Collector 
Emitter Voltage 
Without Snubber 


Current dir/dt = -375 A/us L< 0.05 nH 
T, = 100 °C 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 

# See test circuits in databook introduction 

To evaluate the conduction losses of the diode use the following equations: 
Ve = 1.1 + 0.007 Ir P = 1.1 lF(av) + 0.007 I?Fams) 
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NPN DARLINGTON POWER MODULE 


EASY TO DRIVE TECHNOLOGY (ETD) 

HIGH CURRENT POWER BIPOLAR 

MODULE VERY LOW Rih JUNCTION CASE 
SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

a ISOLATED CASE (2500V RMS) 

a EASY TO MOUNT 

a LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 
a MOTOR CONTROL 


» SMPS & UPS STF8045AV STF8045AF 
» WELDING EQUIPMENT 
ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 


3 


SCO4760 1 


ABSOLUTE MAXIMUM RATINGS 


[symbol] —~SsParameter——SS*dSSSCSCSCSM SiC 
Collector-Emitter Voltage (Vee = -5 V) 
Tip [Base Curent SSSCiYSCCSSSCSOSCSC~“‘~*rCC 
tow [Base Peak current(ptomy SiS CCSCtiSSC*C“‘CCL:‘CA*i 


| Ptot__|Total Dissipation at Te = 25 °C 
| Tso 
Tstg Storage Temperature -55 to 150 
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THERMAL DATA 


Rthj-case |Thermal Resistance Junction-case (transistor) 
Rthe-h |Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


Symbot [Parameter | Test Conditions | win. | Typ. | wax. | Unit_ 


lceR # |Collector Cut-off Voce = Voev 1 mA 
Current (Ree = 5 Q) Vce=Vcev T)= 100°C 5 mA 


lcev # |Collector Cut-off Voce = Vcev 
Current (Vpe = -5) Vce=Vcev T)= 100°C 


(Ic = 


VceE(saty* |Collector-Emitter lc=60A Ip=1.2A 
lc =72A Ip=2.9A Tj = 100°C 
dic/dt |Rate of Rise of Vcc =300V Rc=0 tp=3 us 375 A/us 
On-state Collector Ip, =5A T, = 100 °C 
Storage Time 


VCEO(sus)* ree Emitter Ic=02A L=25mH 
Sustaining Voltage Velamp = 450 V 
DC Current Gain Ic=72A Voe=5V 
Saturation Voltage Ilc=60A Ip=1.2A Tj =100°C 
lc =72A \lp=2.9A 
Vee(sat)y* |Base-Emitter Ip=2.9A 
Saturation Voltage Ip=2.9A T,=100°C 
Vcoe(3 ps) |Collector-Emitter Vcc = eee Vo Reo=3.7Q 4 7 V 
Dynamic Voltage lpi = T, = 100 °C 
Vce(5 ws) | Collector-Emitter Vec= 300V Rco=3.7Q2 2 3 V 
Dynamic Voltage Ip, =5A T, = 100 °C 
Fall Time 
Cross-over Time 


Storage Time 
Fall Time = Rep = 0.3 Q 
Cross-over Time = Ipi=3A 

Tj = 100 “GC 
Icwott = 86A Ip1=3.3A 
Vep=-5V Vcc = 50 V 
L=35 pH Rep =0.3 2 
T, = 125 °C 
* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
# See test circuits in databook introduction 


Maximum Collector 
Emitter Voltage 
Without Snubber 
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Safe Operating Areas Thermal Impedance 
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Reverse Biased SOA 
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DC Current Gain Turn-on Switching Test Circuit 


GC14770 


SH 
=125°C DA GT a 
r | | | | yy eT yy 
=a 7 SE 


we 
Eaer 
Corer Sst TL 


So 
40°C una 
Nitin: 


eae 


elt | 


BYW100 


304780 


0 20 40 60 80 Ic (A) 


Turn-on Switching Waveforms 


Veelsatldyn 
id dic/d t=0.ccat/te 


Turn-off Switching Test Circuit Turn-off Switching Waveforms 


270 
BYW100 


scca730 


SC-0355 


5/5 
f GS-THOMSON 
\/ i] Se eaten ae 


Ti SGS-THOMSON STF8045DF 
Sf | MICROELECTRONICS STF8045DV 


NPN DARLINGTON POWER MODULE 


EASY TO DRIVE TECHNOLOGY (ETD) 

HIGH CURRENT POWER BIPOLAR 

MODULE VERY LOW Rih JUNCTION CASE 
SPECIFIED ACCIDENTAL OVERLOAD 
AREAS 

ULTRAFAST FREEWHEELING DIODE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 


INDUSTRIAL APPLICATIONS: 


a MOTOR CONTROL STF8045DV STF8045DF 
a SMPS & UPS 


a WELDING EQUIPMENT ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


[Symbor[——~—sParameter—=S=S=~*~“~*~wCS*‘“*‘“*‘*‘ O:SSSCSCSCS*dC 
F Veey |GotlectorEmiter Votage Vee=-SV) «| ~StC~C—iOSSCSC“‘*‘“~*~rCSCS 
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THERMAL DATA 


Rthy-case | Thermal Resistance Junction-case (transistor) 
Rthj-case | Thermal Resistance Junction-case (diode) 
Rthce-h |Thermal Resistance Case-heatsink With Conductive 


Grease Applied 


Symbol Test Conditions 


lcen # |Collector Cut-off Voce = Vcev 

Current (Ree = 5 Q) VceE=Vcev T,= 100°C 
Icev # |Collector Cut-off Vce = Vcev 

Current (Vee = -5) VceE=Vcev Tj= 100°C 


(Ic = 
VcEO(sus)™ ae Emitter lo =0.2A L=25 mH 
Sustaining Voltage Velamp = 450 V 


| hres [DC CurrentGain | Current IDC Current Gain lc=85A Vce=5V 
Ic=60A Ip=1.2A 
Ic=60A Ip=zl1.2A T; = 100 °C 


Ic=85A Ip=4.9A 
Ilc=85A Ip=4.9A T,= 100°C 


VeE(sat)* |Base-Emitter = IpB=4.9A 
Saturation Voltage = Ip=4.9A T,=100°C 
dic/dt |Rate of Rise of Voc =300V Rco=0 tp = 3 pus 
On-state Collector Ip, = 5A T, = 100 °C 
Vce(3 ps) |Collector-Emitter Voc = ae V Ro=3.72 
Dynamic Voltage lpi = T, = 100 °C 
Vce(5 us) |Collector-Emitter Vcc = es Vo Reo=3.72 
Dynamic Voltage Ibi = T, = 100 °C 
Storage Time lc =60A 
Fall Time Vep=-5V Rep = 0.3 9 


Cross-over Time Vclamp = 400 V 
L = 50 pH 


Collector-Emitter 
Saturation Voltage 


VcE(sat)* 


Storage Time 
Fall Time 
Cross-over Time 


Maximum Collector Icwott = 86 A I|pi = 450 V 
Emitter Voltage Vep=-5V Voc = 50 V 
Without Snubber L = 30 pH Rep = 0.3 Q 

T, = 125 °C 


Diode Forward Voltage |Ir=86A Tj = 100°C a 


Reverse Recovery Vcc =200V Ir =86A 
Current dir/dt = -375 A/us L< 0.05 WH 
T; = 100 a & 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 

# See test circuits in databook introduction 

To evaluate the conduction losses of the diode use the following equations: 
Ve=11+4 0.007 Ir P = 11 Irv) + 0.007 I? pms) 
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Reverse Biased SOA 
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ISOLATED GATE BIPOLAR TRANSISTOR (IGBT) 
ISOTOP POWER MODULE 


PRELIMINARY DATA 


VOLTAGE-CONTROLLED GATE 

LOW ON-VOLTAGE DROP VcE gat) 
ANTI-PARALLEL FAST DIODE INCLUDED 
FAST SWITCHING SPEED 

EXELLENT THERMAL STABILITY 

VERY LOW Rith JUNCTION CASE 


INDUSTRIAL APPLICATION: 
» MOTOR DRIVES 

» UPS CONVERTERS 

» POWER SUPPLIES 

» RESONANT POWER CONVERTERS TSG25N100DV TSG25N100DF 


ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


(e) Pulse width limited by safe operating area 


September 1990 1/6 


325 


TSG25N100DF/DV 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-Case (IGBT) 
Rthj-case | Thermal Resistance Junction-Case (Diode) 


Rthe-h Thermal Resistance Case-Heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 
OFF 


Vipryces |Collector-Emitter lc=2MA VeeE=0 1000 V 
Breakdown Voltage 
IcES Collector Cut-off Vce = Max Rating 2 mA 
Current (Vce = 0) 
IGEsS Gate-Emitter Leakage |VgeE=+20V Vce=0 300 nA 
Current (Vce = 0) 
ON (*) 


[Symbol | Parameter [Test Conditions| win. | Typ. | Max. | Unit 
T Vecw [Gate Threshold Votage|Voe=Vaz_lo=2ma =| 2 || 4 | Vv 


Nominal Current For Tc = 100 °C 25 A 
Measurement 
Vce(sat) |Collector-Emitter VeeE=15V Ic=25A 3.5 V 
Saturation Voltage Vee=15V Ic=25A Tco=100°C 3.9 V 
DYNAMIC 


[Symbot | Parameter [Test Conditions | win. | Typ. [ Max | Unit 


Forward VeceE=25V Ic=25A 
Transconductance 


Ciss Input Capacitance VceE=25V f=1MHz Vce=0 
Output Capacitance 
Reverse Transfer 

Capacitance 


SWITCHING ON RESISTIVE LOAD 
“symbol | Parameter | _‘TestGonditions ‘| Min. 
ta(on) Delay Time Ic =25A Voc = 450 V 
tr Rise Time Vee=15V Re=470 
dic/dt /Turn-on Current Slope |Vcc = 450 V Vee=15V 430 A/us 
Re =47Q Ri=0 Tc =100°C 


Vce(1us) |Collector-Emitter lc =25A Voc=450V Vge=15 V 
Dynamic Voltage Ra =47Q2 Tco=100°C 

Vce(2us) |Collector-Emitter lc =25A Voc =450V Vee=15V 

Dynamic Voltage Re =47Q2 To = 100°C 


(*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5 % 
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ELECTRICAL CHARACTERISTICS (continued) 
SWITCHING OFF INDUCTIVE LOAD 


[Smt | parameor [Fasteners Twins rv Ta [oat 


Cross-Over Time Vclamp = 800 V Ic =25A 
Off Voltage Rise Time |Ree = 100 Q Vee=15V 
Fall Time L=0.1 mH 
Turn-off Switching Loss 


keh 


Cross-Over Time 

Off Voltage Rise Time 
Fall Time 

Turn-off Switching Loss 


Veclamp = 800 V Ic = 25 A 
Ree = 100 Q VeoeE=15V 
L=0.1 mH T; = 100°C 


COLLECTOR EMITTER DIODE 
AMM fmt im Sn th 


Forward Current Le = 25°C 50 
Te = 100°C 25 
Forward Current 100 
(pulsed) 
Reverse Recovery Ip =25A_ di/dt = 120 A/us 
Current Te = 100°C 


Reverse Recovery le =25A_ di/dt = 100 A/us 350 
Time Te = 100 °C 


Safe Operating Areas Thermal Impedance 
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TSG25N100DF/DV 


Derating Curves 
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Output Characteristics 


GC16130 


=) BF 

CCE ee 
Pace /// A 
LLY 
San)/2.0880 
WW 
ae) 20e88e 


fT 
A al 
err 


0 2 4 6 B Vce (V) 


80 


Transconductance 


GC16160 


0 20 40 60 Ic(A) 


Gate Charge vs Gate-Emitter Voltage 
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Normalized Gate Threshold Voltage vs 
Temperature 
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Accidental Overload Areas 
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Reverse Biased SOA 
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fa, SGS-THOMSON  =—s_ TSG50N50DF 
YF jcROELECTROMICS | TSG50N50DV 


ISOLATED GATE BIPOLAR TRANSISTOR (IGBT) 
ISOTOP POWER MODULE 


TENTATIVE DATA 


VOLTAGE-CONTROLLED GATE 

LOW ON-VOLTAGE DROP Vce(sat) 
ANTI-PARALLEL FAST DIODE INCLUDED 
FAST SWITCHING SPEED 

EXELLENT THERMAL STABILITY 

VERY LOW Rth JUNCTION CASE 


INDUSTRIAL APPLICATION: 
» MOTOR DRIVES 

» UPS CONVERTERS 

» POWER SUPPLIES 

a RESONANT POWER CONVERTERS TSG50N50V TSG50N50F 


ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


A 
Collector-Emitter Voltage (Ree= 20 kQ) 
Collector Current (continuous) at Te = 25 °C 
[erating Factor SSC=~dSC“‘CNCC2€ WOO 
Insulation Withstand Voltage (AC-RMS) 


(e) Pulse width limited by safe operating area 
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TSG50N50DF/DV 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-Case (IGBT) 
Rthj-case | Thermal Resistance Junction-Case (Diode) Max 


Rthe-h Thermal Resistance Case-Heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


| Symbol | Parametet_— | _—_——Test Conditions | Min. | Typ. | Max. | Unit 


Visryces |Collector-Emitter lc=2mA VeeE=0 500 V 
Breakdown Voltage 
IGEs Gate-Emitter oo Vee=t20V VceE= 
Current (Vce = 


Current (Vce = 0) 
ON (*) 


[Symbol | Parameter [Test Conditions | Min. | Typ. | Max | Unit 
[een |GateTwerblsvotapeYoe=vee_lo=ema [2 | 4 Tv 


Nominal Current For To = 100°C 
Measurement 

VceE(saty) |Collector-Emitter Vee=15V Ic=50A 3.3 
Saturation Voltage VeeE=15V Ic=50A To =100°C 3.3 


DYNAMIC 


Input Capacitance VceE=25V f=1MHzZ2 Vce=0 
Output Capacitance 

Reverse Transfer 

Capacitance 


SWITCHING ON RESISTIVE LOAD 
a Delay Time Ic =50A Voc = 350V 140 aa 
Rise Time VeeE=15V Re = 472 250 400 - 

aa Turn-on Current Slope |Ilc =50A Voc =350V Vee = 15V 


Re = 47Q RL=0 Tc = 100°C 


Vce(0.6us)| Collector-Emitter lc =50A Vcc =350V Vee = 15V 7 10 V 
Dynamic Voltage Re = 472 To = 100°C 


Vcoe(1.2us)} Collector-Emitter Ic =50A Vcc =350V Vee = 15V 
Dynamic Voltage Re = 47Q Tco=100°C 


) Pulsed: Pulse duration = 300 ps, duty cycle 1.5 % 


= key, SGS-THOMSON 
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TSG50N50DF/DV 


ELECTRICAL CHARACTERISTICS (continued) 
SWITCHING OFF INDUCTIVE LOAD 


Cross-Over Time Vcc =400V Ic=50A 
Off Voltage Rise Time |Ree=100Q Vee=15V 
Fall Time L=0.1 mH 

Turn-off Switching Loss 


Cross-Over Time Vcc =400V Ic=50A 
Off Voltage Rise Time |Ree=1002 Vaee=15V 
Fall Time L=0.1mH T,=100°C 
Turn-off Switching Loss 


Forward Current Te = 25°C 
Te = 100°C 

Forward Current 

(pulsed 

Reverse Recovery Te = 100 °C 

Current 


Forward On Voltage IF=50A Vcee=0 Te = 100°C 


Reverse Recovery le =50A_ di/dt = 100 A/us 
Time Tc = 100 °C 
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fq, SGS-‘THOMSON = TSD2M350F 
SF WIGROELECTROMICS TSD2M350V 


N - CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 


ADVANCE DATA 


[—a¥PE | Voss | Rosen | 


HIGH CURRENT POWER MOS MODULE 
VERY LOW Rtn JUNCTION TO CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 

» ISOLATED CASE (2500V RMS) 

2 EASY TO MOUNT 


x VERY LOWINTERNAL PARASITIC INDUCTANCE 
(TYPICALLY <5 ns) TSD2M350V TSD2M350F 


ISOTOP 


INDUSTRIAL APPLICATIONS: 
n SMPS & UPS 

» MOTOR CONTROL 

» WELDING EQUIPMENT 


INTERNAL SCHEMATIC DIAGRAM 


3 i | { 
4 
$C04590 | 5 


ABSOLUTE MAXIMUM RATINGS 


a 
Vos [Drain-Source Voltage (Ves=0)—SSS«dSCSC~‘“‘~‘~sOSCSC“‘CS™SC#*CSOV CW 
Drain-Gate Voltage (Res = 20 kQ) 400 

lo [Drain Current (continuous) atTe=25° | SOSSSCS~*dSCC 
sie 3 Drain Current (continuous) at Tc = 100 °C eee eee 
Towle) [Drain Current(puised) | SSCtSSS*™*~“‘CAN'*C 
[ [Derating Factor SSSCS~<“—~*~*~—SC“~‘“‘;*sSCSC*C*d*‘ 


(e) Pulse width limited by safe operating area 


»|>|>]<|-|- 
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TSD2M350F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-Case 
Rthc-h |Thermal Resistance Case-Heatsink With Conductive 
Grease Applied 


Vipryoss |Drain-Source Ip = 1 [Test Gonaiens —_ Ves = 
Breakdown Voltage 
Ipss Zero Gate Voltage Vos = Max Rating 200 LA 
Drain Current (Ves = 0) |Vps = Max Rating x 0.8 Tc = 125 °C 2 mA 
lass Gate-Body Leakage Ves=+20V + 200 nA 
Current (Vps = 0) 


-Symbot [Parameter [Test Gondions | win. typ. | ox [Uni 
2 Bi eae A BE 


ee Static Drain-Source Vas=10V IpD=18A 0.150 
On Resistance 


DYNAMIC 
"Symbol | Parameter | ‘Test Conditions ‘| Min. | Typ. | Max. | Unit_ 
12 mho 


Forward Vps=25V Ip=i18A 
Transconductance 


Ciss Input Capacitance Vpos=25V f=1MHzZ Ves=0 
Output Capacitance 
Reverse Transfer 

Capacitance 


SWITCHING (INDUCTIVE LOAD) 


Symbol Test Conditions 


td(on) Turn-on Time Vpop=200V Ip=18A 
(di/dt)on |Turn-on Current Slope |Reas=25Q #Ve@s=10V 
taoff) | Turn-off Delay Time L = 100yH 


tt Fall Time 


SOURCE DRAIN DIODE 


Source-Drain Current 
Source-Drain Current 
(pulsed) 


Isp 
Ispu(e) 
Forward On Voltage Isp = 30 A Ves=0 L 4 


Reverse Recovery Isp = 30A_ di/dt = 100 A/us 
Time 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
(e) Pulse width limited by safe operating area 


== ee 
30 
a 
ae ee 
idl 
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fy, SGS-THOMSON —=EsTSD2M1450F 
7 imcrozvectromics TSD2M450V 


N - CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 


ADVANCE DATA 


[tre [Voss | Rosen |b 


HIGH CURRENT POWER MOS MODULE 
VERY LOW Rth JUNCTION TO CASE 

DUAL SOURCE CONTACT 

VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 

x ISOLATED CASE (2500V RMS) 

=» EASY TO MOUNT 


a VERY LOW INTERNAL PARASITIC INDUCTANCE 
(TIPICALLY <5 ns) TSD2M450V TSD2M450F 


INDUSTRIAL APPLICATIONS: ISOTOP 
a SMPS & UPS 

» MOTOR CONTROL 

» WELDING EQUIPMENT 


INTERNAL SCHEMATIC DIAGRAM 


ee 


4 
$C04590 | 2 


ABSOLUTE MAXIMUM RATINGS 


Unit 
to [Drain Current (continuous) at Ta= 25° | SSCSSSSCSC~*dCA CS 
|. pe. | Drain Current (continuous) at Te = 100 °C 
([Derating Factor SSSSCSC~C~SC“‘C;CSNC(‘ «CWP 


(e) Pulse width limited by safe operating area 
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TSD2M450F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-Case 


Rthe-h Thermal Resistance Case-Heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 
OFF 


Test Conditions 


Vipryposs_ |Drain-Source IDpb=1imA Ves=0 500 
Breakdown Voltage 


loss Zero Gate Voltage Vos = Max Rating 200 nA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Tc. = 125 °C 2 mA 


Gate-Body Leakage Ves=+20V 
Current (Vps = 0) 


| Vesithy [Gate Threshold Voltage|Vos = Ves Ip = 1 mA 


Ros(on) |Static Drain-Source Ves=10V Ip=13A 
On Resistance 


DYNAMIC 


Input Capacitance Vos=25V f=1MHz Ves=0 
Output Capacitance 

Reverse Transfer 

Capacitance 


SWITCHING (INDUCTIVE LOAD) 


Symbol Test Conditions 


SOURCE DRAIN DIODE 


Isp Source-Drain Current 


Test Conditions 
Ispm(*) |Source-Drain Current 


(pulsed) oo 


Forward On Voltage Isp = 26A Voes=0 


Reverse Recovery Isp = 26A_ di/dt = 100 A/us 


Time 
(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
(*) Pulse width limited by safe operating area 


taon) Turn-on Time Vop=250V Ip=i15A 
(di/dt)on |Turn-on Current Slope {Res = 25 Q Ves=10V 
tajott) | Turn-off Delay Time L= 100 nH 
tt Fall Time 


Vsp 


2/2 
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ka, SGS-THOMSON TSD4M150F 
4 McRoELecrRoMes TSD4M150V 


N - CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 


[awe [Voss | Rowen [le 


HIGH CURRENT POWER MOS MODULE 
VERY LOW Rin JUNCTION TO CASE 
DUAL SOURCE CONTACTS 
VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 
« ISOLATED CASE (2500V RMS) 
» EASY TO MOUNT 
» VERY LOW INTERNAL PARASITIC 
INDUCTANCE (TYPICALLY <5 ns) TSD4M150V TSD4M150F 
» AVALANCHE RUGGEDNESS TECHNOLOGY ISOTOP 
(SEE IRFP150 FOR RATING) 


INDUSTRIAL APPLICATIONS: 


» DC/DC & DC/AC CONVERTERS 
SMPS & UPS INTERNAL SCHEMATIC DIAGRAM 


» MOTOR CONTROL 


OUTPUT STAGE FOR PWM, ULTRASONIC ‘ , 
pinCuinG tt 
4 

$294590 | 2 


ABSOLUTE MAXIMUM RATINGS 


Parameter SSCS «dC 
lp | Drain Current (continuous) at Tc = 25 °C 
to [Drain Curcent (continuous) atTe= 100°C | SSBSSSSSC*dC 

Ipbm(e) |Drain Current (pulsed) 500 
[erating Factor SSSC~‘dRSC“‘C;S3SNSUAUU#*WAG 
(*) Pulse width limited by safe operating area 
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TSD4M150F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-Case 


Rthe-h Thermal Resistance Case-Heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Vipryoss |Drain-Source IDb=1imA Ves= 
Breakdown Voltage 
Ipss Zero Gate Voltage Vps = Max Rating ee LA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Te = 125 °C mA 
lass Gate-Body Leakage Vas=+20V + 400 
ee Current (Vps = 0) 
ON (*) 


[Symbol [Parameter [Test Conditions| Min. | Typ. | Wax. | Unit 
[Vesey [Gate Threshold Votage|Vos=Ves lo=tma Sid 2 || | 


Rps(on) |Static Drain-Source Ves=10V ID=70A 0.014 Q 
On Resistance 


DYNAMIC 
[symbor [Parameter [Test Conaitions | min. | Typ. | Max. | Unit 


Forward Vps=25V Ip=70A 
Transconductance 


Ciss Input Capacitance Vos=25V f=1MHz Ves=0 
Output Capacitance 
Reverse Transfer 

Capacitance 


SWITCHING (INDUCTIVE LOAD) 


Symbol Test Conditions 


ta(on) Turn-on Time Vpp=50V Ip=50A 
(di/dt)on |Turn-on Current Slope |Res=502 Ves=10V 
ta(oft) Turn-off Delay Time L = 100 WH 


tf Fall Time 


SOURCE DRAIN DIODE 


Source-Drain Current 


Test Conditions 
Source-Drain Current 


(pulsed) ae 


Isp 
Ispm(e) 
Forward On Voltage Isp = 185A Ves= 


Reverse Recovery Isp = 185A ___di/dt = 100 A/us 
Time 


(*) Pulsed: Pulse duration = 300 us, duty cycle 15% 
5 Pulse width limited by safe operating area 
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TSD4M150F/V 


Thermal Impedance 


Safe Operating Areas 
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Gate Charge vs Gate-source Voltage 


Static Drain-Source On Resistance 


TSD4M150F/V 
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Test Circuit For Inductive Load Switching 
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Gate Charge Test Circuit 
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CTI SGS-THOMSON TSD4M151F 
SF WICROELECTRONICS TSD4M151V 


N - CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 


[Wee [Woes | Rosen [| 


HIGH CURRENT POWER MOS MODULE 
VERY LOW Rin JUNCTION TO CASE 
DUAL SOURCE CONTACTS 
VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 
2 ISOLATED CASE (2500V RMS) 
» EASY TO MOUNT 
» VERY LOW INTERNAL PARASITIC 
INDUCTANCE (TYPICALLY < 5ns) TSD4M151V TSD4M151F 
» AVALANCHE RUGGEDNESS TECHNOLOGY ISOTOP 
(SEE IRFP150 FOR RATING) 


INDUSTRIAL APPLICATIONS: 

» DC/DC & DC/AC CONVERTERS 
SMPS & UPS INTERNAL SCHEMATIC DIAGRAM 
MOTOR CONTROL 

OUTPUT STAGE FOR PWM, ULTRASONIC 
CIRCUITS 


ABSOLUTE MAXIMUM RATINGS 


anit 
Vos [brain Source Volage Ves=0)SSSdY Sw 
Voom” [Drain-Gate Volage (Fes = 20k) —S«dSSS SSS 
Ele fl Drain Current (continuous) at Tc = 25 °C 135 
[io [Drain Curent (continsous) atTe= 100° [| SSS 
[Pt [Total Dissipalon ai 722 26° «00d 
[erating Factor *d 
6 


ie) 


Max. Operating Junction Temperature 150 
Insulation Withstand Voltage (AC-RMS) 


(e) Pulse width limited by safe operating area 
March 1990 1/5 
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TSD4M151F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-Case 


Rthe-h Thermal Resistance Case-Heatsink With Conductive 
Grease APllied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Viprypss |Drain-Source IDb=1mA Ves= 
Breakdown Voltage 
lpss Zero Gate Voltage Vos = Max Rating ot uA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Te = 125 °C mA 
lass Gate-Body Leakage Vas=+20V + 400 
Current (Vps = 0) 
ON (#) 


Gate Threshold Voltage |Vps = Vas_Ip = 1. mA 


ae Static Drain-Source Veas=10V Ipb=70A 
On Resistance 
Symbol Test Conditions ee ee as 


DYNAMIC 
Forward Vops=25V Ip=70A 
Transconductance 


Ciss Input Capacitance Vps=25V f=1MHz Ves=0 
Coss Output Capacitance 
Crss Reverse Transfer 


Capacitance 


SWITCHING (INDUCTIVE LOAD) 


Symbol Test Conditions 


ta(on) Turn-on Tirne Vop = 50 V IDp=50A 


(di/dt)on |Turn-on Current Slope |Res=502 Ves=10V 
ta(off) Turn-off Delay Time L=100 nH 
tf Fall Time 


SOURCE DRAIN DIODE 


Cin. | tye. 
at | 
Lad 


5) Source-Drain Current 
Ispm(¢@ 
Forward On Voltage Isp = 185A Ves= 


Source-Drain Current 
Reverse Recovery Isp = 135A di/dt = 100 A/us 
Time 


(pulsed) 
(*) Pulsed: Pulse duration = 300 ns, duty cycle 1.5 % 
5 Pulse width limited by safe operating area 
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Safe Operating Areas Thermal Impedance 
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Gate Charge vs Gate-source Voltage 


Static Drain-Source On Resistance 


TSD4M151F/V 
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Sf] MICROELECTRONICS TSD4M250V 


N - CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 


[tee | Voss | Rosen [to 


HIGH CURRENT POWER MOS MODULE 

VERY LOW Rith JUNCTION TO CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 

s ISOLATED CASE (2500V RMS) 

» EASY TO MOUNT 

» VERY LOW INTERNAL PARASITIC 
INDUCTANCE (TYPICALLY <5 ms) TSD4M250V TSD4M250F 

» AVALANCHE RUGGEDNESS TECHNOLOGY 


ISOTOP 
(SEE STH33N20FI FOR RATING) ecie 

INDUSTRIAL APPLICATIONS: 
DC/DC & DC/AC CONVERTERS 

. SMPS & UPS INTERNAL SCHEMATIC DIAGRAM 


» MOTOR CONTROL 


OUTPUT STAGE FOR PWM, ULTRASONIC 5 
CIRCUITS aus Og 


4 
3204590 | 2 


ABSOLUTE MAXIMUM RATINGS 


belo Drain Current (continuous) at Tc = 25 °C 


| lp | Drain Current (continuous) at T. = 100 °C 


> 


Drain Current (pulsed) 440 


Storage Temperature -55 to 150 
Max. Operating Junction Temperature 150 
Insulation Withstand Voltage (AC-RMS) 2500 


(e) Pulse width limited by safe operating area 
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TSD4M250F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-Case 


Rthe-h Thermal Resistance Case-Heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Se ee ee ee Se 


V(pR)pss_ |Drain-Source Ipb=1imA Ves= 
Breakdown Voltage 
lpss Zero Gate Voltage aie = Max Rating LA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Tc = 125 °C mA 
lass Gate-Body oa Ves=+20V + 400 
Current (Vps = 
ON (*) 


[Symbol [Parameter [Test Conditions| Min. | Typ. | Max. | Unit_ 
Vestn [Gate Threshold Votage|Voo=Ves lo=tmA Sid: @ || 4 | 
Q 


Rps(on) |Static Drain-Source Ves=10V Ip=60A 
On Resistance 


DYNAMIC 
Symbol Test Conditions 


Forward Vps=25V Ip=60A 
Transconductance 


Input Capacitance Vos=25V f=1MHz Ves=0 
Output Capacitance 

Reverse Transfer 

Capacitance 


SWITCHING (INDUCTIVE LOAD) 


td(on) Turn-on Time Vpp=100V Ip=60A 


(di/dt)on |Turn-on Current Slope |Res=25Q Ves=10V 
td(off) Turn-off Delay Time 
tt Fall Time 


Test Conditions 


SOURCE DRAIN DIODE 
Source-Drain Current 
Reverse Recovery Isp = 110A di/dt = 100 A/us 
Time 


Symbol 
Isp Source-Drain Current 
Isom(*) 
(pulsed) 
Forward On Voltage Isp = 110A Ves=0 
(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
= Pulse width limited by safe operating area 
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‘CTI SGS-THOMSON TSD4M251F 
4 itucroztectRomes TSD4M251V 


N - CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 


[TPE | Voss | Rosen | 


HIGH CURRENT POWER MOS MODULE 
VERY LOW Rth JUNCTION TO CASE 
DUAL SOURCE CONTACTS 
VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 
s ISOLATED CASE (2500V RMS) 
2 EASY TO MOUNT 
» VERY LOW INTERNAL PARASITIC 
INDUCTANCE (TYPICALLY <5 ms) TSD4M251V TSD4M251F 
» AVALANCHE RUGGEDNESS TECHNOLOGY ISOTOP 
(SEE STH33N20FI FOR RATING) 


INDUSTRIAL APPLICATIONS: 

a» DC/DC & DC/AC CONVERTERS 
SMPS & UPS INTERNAL SCHEMATIC DIAGRAM 
MOTOR CONTROL 

OUTPUT STAGE FOR PWM, ULTRASONIC 
CIRCUITS 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature -55 to 150 
Max. Operating Junction Temperature 


Insulation Withstand Voltage (AC-RMS) 
(e) Pulse width limited by safe operating area 
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TSD4M251F/V 


THERMAL DATA 


Rthj-case |Thermal Resistance Junction-Case 


Rthe-h Thermal Resistance Case-Heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Symbol Test Conditions Min. | Typ. | Max. | Unit | 
Viprypss |Drain-Source IDpb=1mA Ves=0 150 V 
Breakdown Voltage 
Zero Gate Voltage Vos = Max Rating 400 yA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Te = 125 °C 2 mA 
lass Gate-Body Leakage Ves=+20V + 400 nA 
Current (Vps = 0) 


[Symbol [Parameter | ‘Test Conditions| win. | Typ. | Max | Unit 
Vesm [Gate Threshold Votage|Vos=Vas o=1ma «iY 2 || # | Vv 


Rps(on) |Static Drain-Source Ves=10V Ip=60A 0.021 Q 
On Resistance 


DYNAMIC 


Ofs Forward Vps=25V Ip=60A 
Transconductance 


Input Capacitance Vps=25V =1MHz Ves=0 
Output Capacitance 

Reverse Transfer 

Capacitance 


SWITCHING (INDUCTIVE LOAD) 


ta(on) Turn-on Time Vpop=75V Ip=60A 
(di/dt)on |Turn-on Current Slope |Ras = 25Q Ves =10V 
taoft) | Turn-off Delay Time 
Fall Time 


SOURCE DRAIN DIODE 


| Parameter | Test Conditions | Min. | Typ. | Max. | Unit | 


Source-Drain Current 110 A 
440 A 


Source-Drain Current 


(pulsed 
tr [Reverse Recovery Isp = 110A di/dt = 100 A/us ia wee 
Time 


(*) Pulsed. Pulse duration = 300 us, duty cycle 1.5 % 
(e) Pulse width limited by safe operating area 
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Static Drain-Source On Resistance 
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N - CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 


[avez [Voss | Rosen | b 


HIGH CURRENT POWER MOS MODULE 

VERY LOW Rih JUNCTION TO CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 

« ISOLATED CASE (2500V RMS) 

» EASY TO MOUNT 

» VERY LOW INTERNAL PARASITIC 
INDUCTANCE (TYPICALLY < 5ns) TSD4M350V TSD4M350F 

» AVALANCHE RUGGEDNESS TECHNOLOGY 


(SEE IRFP350 FOR RATING) een 
INDUSTRIAL APPLICATIONS: 
» SMPS & UPS 
. MOTOR CONTROL INTERNAL SCHEMATIC DIAGRAM 


» WELDING EQUIPMENT 
a OUTPUT STAGE FOR PWM, ULTRASONIC 
CIRCUITS 


ABSOLUTE MAXIMUM RATINGS 


Drain-Source Voltage (Ves = 0) 


[to [Drain Gurent (continuous) at To= 28° [Sd 
[ie [brain Current continuous) at Te= 1000 [at 
[—~"[oeratng Faster =i 

Insulation Withstand Voltage (AC-RMS) 2500 


(e) Pulse width limited by safe operating area 
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THERMAL DATA 


Rthj-case {Thermal Resistance Junction-Case 


Rthe-h Thermal Resistance Case-Heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Vipryoss |Drain-Source Ib=1i1mA Ves=0 400 V 
Breakdown Voltage 
Zero Gate Voltage Vos = Max Rating uA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Te = 125°C mA 
Gate-Body a Vas=t20V + 500 
Current (Vps = 0) 
ON (*) 


Gate Threshold Voltage |Vps = Ves Ip = 1mA ee 


Rpsion) |Static Drain-Source Vas=10V Ip=30A 
On Resistance 


DYNAMIC 
a a ee a aE 


Forward Vps=25V Ip=30A 
Transconductance 


Ciss Input Capacitance Vos=25V f=1MHz Ves=0 
Coss Output Capacitance 
Crss Reverse Transfer 


Capacitance 


SWITCHING (INDUCTIVE LOAD) 


Vpop = 200 V 
Res = 25 Q 


Ip =30A 
Ves=10V 


td(on) Turn-on Time 
(di/dt)on |Turn-on Current Slope 

ta(off) Turn-off Delay Time 
tt Fall Time 


SOURCE DRAIN DIODE 


Symbol i dn Te 


Isp Source-Drain Current 
Ispm(e) |Source-Drain Current 
(pulsed) 


Forward On Voltage Isp =50A Ves=0 Fl 


Reverse Recovery Isp = 50A_ di/dt = 100 A/us 
Time 


(*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5% 
(e) Pulse width limited by safe operating area 
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Static Drain-Source On Resistance 
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Gate Charge Test Circuit 


Source-Drain Diode Forward Characteristics 
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CTI SGS-THOMSON TSD4M351F 
S/ | MICROELECTRONICS TSD4M351V 


N - CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 


ae io oe 


HIGH CURRENT POWER MOS MODULE 

VERY LOW Rin JUNCTION TO CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 

CAPABILITY 

« ISOLATED CASE (2500V RMS) 

» EASY TO MOUNT 

= VERY LOW INTERNAL PARASITIC 
INDUCTANCE (TYPICALLY <5 ms) TSD4M351V TSD4M351F 

» AVALANCHE RUGGEDNESS TECHNOLOGY 


(SEE IRFP350 FOR RATING) Serr 
INDUSTRIAL APPLICATIONS: 
» SMPS & UPS 
MOTOR CONTROL INTERNAL SCHEMATIC DIAGRAM 


» WELDING EQUIPMENT 
» OUTPUT STAGE FOR PWM, ULTRASONIC 
CIRCUITS 


ABSOLUTE MAXIMUM RATINGS 


[symbot| ‘Parameter —=SSSSC*dSC*~C“‘“‘CSC‘C#Watu®~=S~~=*d; Crit | 
lp | Drain Current (continuous) at Tc. = 25 °C 


[le [Drain Current (continuous) atTe= 100° | SSC~—SSSSSS~*dC 
Pix [Total Dissipation at T2=25°% ——~SC~*~dtC*‘“‘CSC*™*‘*SOOSSC*C*~*~“‘CW 
[~~ Joerating Factor ——SSSSC=“*‘“*~“‘“sSCS*S*~“‘*‘“‘~*tsSSCSCSCSCS*d 
i 
°C 


(e) Pulse width limited by safe operating area 
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THERMAL DATA 


Rthj)-case | Thermal Resistance Junction-Case 


Rthe-h Thermal Resistance Case-Heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Drain-Source Ipb=1imA Ves= 
Breakdown Voltage 
Ipss Zero Gate Voltage Vos = Max Rating oF LA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 T,. = 125 a mA 
_ lass Gate-Body a Ves=+20V + 500 
Current (Vps = 
ON (*) 


Symbol | Parameter [Test Conditions| Min. | Typ. | Max | Unit 
T vesm [Gate Threshold Votage|Vos=Ves lo=tma Sst | | 


Rosion) |Static Drain-Source Ves =10V Ip=30A 0.075 Q 
On Resistance 


DYNAMIC 


Forward Vps=25V Ip=30A 
Transconductance 


Input Capacitance Vos=25V f=1MHz Ves=0 
Output Capacitance 

Reverse Transfer 

Capacitance 


V(BR)DSS 


SWITCHING (INDUCTIVE LOAD) 


Parameter 


taion) | Turn-on Time Vop=175V Ip=30A 
(di/dt)on |Turn-on Current Slope |Res=25Q #£Ves=10V 
ta(oft) | Turn-off Delay Time 
tt Fall Time 


SOURCE DRAIN DIODE 


Isp Source-Drain Current 
Isom(e¢) |Source-Drain Current 
(pulsed) 


Reverse Recovery 
Time 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
(e) Pulse width limited by safe operating area 
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» ‘amide 


fae SUS" HOwSGEs TSD4M450F 
BYZ WICROELECTROMICS TSD4M450V 


N - CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 


[ave [Voss | Rosen [te 


HIGH CURRENT POWER MOS MODULE 
VERY LOW Rth JUNCTION TO CASE 
DUAL SOURCE CONTACTS 
VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 
« ISOLATED CASE (2500V RMS) 
» EASY TO MOUNT 
= VERY LOW INTERNAL PARASITIC 
INDUCTANCE (TYPICALLY 5 <ns) TSD4M450V TSD4M4S0F 
s AVALANCHE RUGGEDNESS TECHNOLOGY ioree 
(SEE IRFP450 FOR RATING) 


INDUSTRIAL APPLICATIONS: 


a» SMPS & UPS 
MOTOR CONTROL INTERNAL SCHEMATIC DIAGRAM 


» WELDING EQUIPMENT 
a 


OUTPUT STAGE FOR PWM, ULTRASONIC 3 , 
CIRCUITS firth 
4 

3204590 | 2 


ABSOLUTE MAXIMUM RATINGS 


[Parameter] SSSSCS™S~CSatueSSSSS~*C 
Drain-Source Voltage (Ves = 0) 500 
Faisal Drain Current (continuous) at Tc = 25 °C 
| In| Drain Current (continuous) at Tc = 100 °C 
[erating Factor SSSCSC~“~“*~sSC“‘CS;SSCC*dS 


(e) Pulse width limited by safe operating area 
March 1990 1/5 
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TSD4M450F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-Case 


Rthe-h Thermal Resistance Case-Heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Symbol Test Conditions | Min. | Typ. | Max. | Unit_ 

Viprypss |Drain-Source Ib=1mA Ves=0 V 
Breakdown Voltage 
Zero Gate Voltage Vos = Max Rating 400 LA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Te = 125°C 2 mA 
Gate-Body Leakage Vas=+20V + 500 nA 
Current (Vps = 0) 

ON (*) 


[symbot | Parameter | Test Conditions | Win. | Typ. | Wax. | Unit 
a ees 


Static Drain-Source Ves=10V Ip=28A 0.1 Q 
On Resistance 


DYNAMIC 
[symbot | Parameter | Test Conditions | win. | Typ. [ Mex. | Unit_ 


Forward Vps=25V Ip=28A 
Transconductance 


Ciss Input Capacitance Vos=25V f=1MHz 
Output Capacitance 
Reverse Transfer 

Capacitance 


Ves = 0 


SWITCHING (INDUCTIVE LOAD) 


td(on) Turn-on Time Vpo =250V Ip=28A 
(di/dt)on |Turn-on Current Slope |Res=25Q #$£=Va@s=10V 
ta(off) Turn-off Delay Time 


tr Fall Time 


SOURCE DRAIN DIODE 


Symbol 
Isp Source-Drain Current 
Isom(e) |Source-Drain Current 
Vsp Forward On Voltage Isp = 45 A Ves=0 
trr 


(pulsed) 
Reverse Recovery Isp = 45A_ di/dt = 100 A/us 
Time 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
(e) Pulse width limited by safe operating area 


Test Conditions 
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TSD4M450F/V 


Source-Drain Diode Forward Characteristics Gate Charge Test Circuit 
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Test Circuit For Inductive Load Switching and Diode Reverse Recovery Time Waveform 
Diode Reverse Recovery Times 
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CTI SGS-THOMSON TSD4M451F 
5 / MICROELECTRONICS TSD4M451V 


N - CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 


[avr [Voss | Rosen | 


HIGH CURRENT POWER MOS MODULE 
VERY LOW Rin JUNCTION TO CASE 
DUAL SOURCE CONTACTS 
VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 
=» ISOLATED CASE (2500V RMS) 
» EASY TO MOUNT 
» VERY LOW INTERNAL PARASITIC 
INDUCTANCE (TYPICALLY <5 ns) TSD4M451V TSD4M451F 
» AVALANCHE RUGGEDNESS TECHNOLOGY ISOTOP 
(SEE IRFP450 FOR RATING) 


INDUSTRIAL APPLICATIONS: 


a SMPS & UPS 
MOTOR CONTROL INTERNAL SCHEMATIC DIAGRAM 


a» WELDING EQUIPMENT 


OUTPUT STAGE FOR PWM, ULTRASONIC 3 
CIRCUITS oat os 
4 

sco4s90 | 2 


ABSOLUTE MAXIMUM RATINGS 


[Symbol [—~—~Parameter—=—=S~S~*~*~dtCSC*‘“*‘“‘*‘«WSSCSCS*~*~*”C 
[fo [brain Current (continuous) atTe=25° =| SC=‘~‘sSCSCSC‘“‘*‘“*dCCS 
to [Drain Current ominous) atTe= 100°C | —~=S*~=“~*~sSC*~‘“‘“‘*dCACS 


[erating Factor CS 
Max. Operating Junction Temperature 
Insulation Withstand Voltage (AC-RMS) 


(e) Pulse width limited by safe operating area 


March 1990 1/5 
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TSD4M451F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-Case 


Rthe-h Thermal Resistance Case-Heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


ViBrypss |Drain-Source IDb=1imA Ves=0 
Breakdown Voltage 
Ipss Zero Gate Voltage Vos = Max Rating 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 T. = 125°C 


lass Gate-Body Leakage Vas=+t20V 
Current (Vps = 0) 


| Vein) [Gate Threshold Voltage |Vos = Vas lo = 1 mA ee. ed 
Rpson) |Static Drain-Source Vas=10V Ip=28A 
On Resistance 


DYNAMIC 


Forward Vps=25V Ip=28A 28 
Transconductance 


Ciss Input Capacitance Vos=25V f=1MHz Ves=0 
Coss Output Capacitance 
Crss Reverse Transfer 


Capacitance 


SWITCHING (INDUCTIVE LOAD) 


Symbol Test Conditions 


ta(on) Turn-on Time Von =225V Ip=28A 


(di/dt)on |Turn-on Current Slope |Res=2592 #£Ves=10V 
ta(off) Turn-off Delay Time 
tt Fall Time 


SOURCE DRAIN DIODE 


Symbol Test Conditions 
Isp Source-Drain Current 
Ispm(e) |Source-Drain Current 
Forward On Voltage Isp = 45 A Ves=0 
trr 


(pulsed) 
Reverse Recovery Ispn = 45 A di/dt = 100 A/us 
Time 


(*) Pulsed. Pulse duration = 300 us, duty cycle 1.5% 
(e) Pulse width limited by safe operating area 
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Safe Operating Areas 
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Gate Charge Test Circuit 


Source-Drain Diode Forward Characteristics 
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Diode Reverse Recovery Time Waveform 
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Diode Reverse Recovery Times 
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kw, SGS-THOMSON TSD5MG40F 
YF ucrosectRowes TSD5MG40V 


N - CHANNEL ENHANCEMENT MODE 
ISOFET POWER MOS TRANSISTOR MODULE 


[wre [vows | Fosen |b 


HIGH CURRENT POWER MOS MODULE 
VERY LOW Rtn JUNCTION TO CASE 
DUAL SOURCE CONTACTS 
VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 
2 ISOLATED CASE (2500V RMS) 
» EASY TO MOUNT 
» VERY LOW INTERNAL PARASITIC 
INDUCTANCE (TYPICALLY <5 ns) TSDSMG40V TSDSMG40F 
» AVALANCHE RUGGEDNESS TECHNOLOGY ISOTOP 
(SEE STHV102 FOR RATING) 


INDUSTRIAL APPLICATIONS: 

» SMPS & UPS 

. MOTOR CONTROL INTERNAL SCHEMATIC DIAGRAM 

» WELDING EQUIPMENT 

» OUTPUT STAGE FOR PWM, ULTRASONIC 
CIRCUITS 


ABSOLUTE MAXIMUM RATINGS 


unit | 
to [Drain Current (continuous) atTe=25°C | SCC 
Laie SI Drain Current (continuous) at Tc = 100 °C 


toute) [Drain Current (pulses) ——=SSCS*~“~dtCSC“‘“‘SCS*SCSC“‘CNC#*dCNC 
([oerating Factor ——SSSCS*~=<“*‘“‘*dCSC“<*‘“‘“‘~*~t‘SCS~*dSC 


(e) Pulse width limited by safe operating area 


March 1990 1/5 
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TSD5MG40F/V 


THERMAL DATA 


Rthy-case | Thermal Resistance Junction-case 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Symbol Test Conditions ce ae Se 

Visrypss_ |Drain-Source Ip=2mMA Ves= 1000 
Breakdown Voltage 

Ipss Zero Gate Voltage Vos = Max Rating LA 
Drain Current (Ves = 0) |Vps = Max Rating x 0.8 T. = 125 7 mA 

lass Gate-Body Leakage Ves=+20V + 500 
Current (Vps = 0) 

ON (+) 


[Symbot [Parameter [Testconaivons | wn. [ typ. [ xs [ unt 
A a 


Rpsion) |Static Drain-Source Ves=10V ID=9A 
On Resistance 


DYNAMIC 
symbol 


Forward Vos=15V Ip=9A 
Transconductance 


Ciss Input Capacitance Vps=25V f=1MHz Ves=0 
Output Capacitance 
Reverse Transfer 


Capacitance 


SWITCHING (INDUCTIVE LOAD) 


ta(on) Turn-on Time Vpp=500V Ip=15A 


(di/dt)on |Turn-on Current Slope |Res=50Q Ves=10V 
td(off) Turn-off Delay Time L = 100 pH 
tt Fall Time 


SOURCE DRAIN DIODE 


Source-Drain Current 
Source-Drain Current 


17 
60 
(pulsed) 


fiona teeta 


Reverse Recovery Isp = 17A_ di/dt = 100 A/us 2.5 
Time 


) Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
i Pulse width limited by safe operating area 


Isp 
Ispm(¢) 
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Static Drain-Source On Resistance 
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(@, SGS-THOMSON = =—SsTSD20N100F 
SF WicROELECTRONICS TSD20N100V 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


TENTATIVE DATA 


[PE | Voss | Rosen |e 


HIGH VOLTAGE POWER MOS MODULE 
VERY LOW Rin JUNCTION TO CASE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 
(TYPICALLY 5nh) 


INDUSTRIAL APPLICATIONS: 
. SMPS & UPS TSD20N100V TSD20N100F 
s MOTOR CONTROL 

2 WELDING EQUIPMENT ISOTOP 


INTERNAL SCHEMATIC DIAGRAM 


3 | [ 1 
4 
504590 | 
2 


ABSOLUTE MAXIMUM RATINGS 


| Vos Drain-Source Voltage (Ves = 0) 1000 


[Unit | 
Gate-Source Voltage 
fees 


Vos 
=a Drain Current (continuous) at Tc. = 25 °C 20 
(*) 


Ww 
a 


(e) Pulse width limited by safe operating area 
July 1990 /1 
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(7, SGS-THOMSON TSD22N80F 
7 WiCROELECTROMICS TSD22N80V 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


ADVANCE DATA 


[avr [ Voss Rosen | 


« HIGH VOLTAGE, HIGH CURRENT POWER 

MOS MODULE 

VERY LOW Rin JUNCTION TO CASE 

ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

VERY LOW INTERNAL PARASITIC 

INDUCTANCE (TYPICALLY <5 nH) 

» AVALANCHE RUGGEDNESS TECHNOLOGY 
(SEE STH8N80 FOR RATING) TSD22N80V TSD22N80F 


INDUSTRIAL APPLICATIONS: ISOTOP 
» SMPS & UPS 

» MOTOR CONTROL 

» WELDING EQUIPMENT 


INTERNAL SCHEMATIC DIAGRAM 


3 [ { 
4 
5004530 
| 2 


ABSOLUTE MAXIMUM RATINGS 


| Ip Drain Current (continuous) at T. = 25 °C 
fae, Drain Current (continuous) at Tc = 100 °C 
| Prot [Total Dissipation at Tc = 25 °C 
( Derating Factor SCS~=~wSC“‘“‘C™SC‘#SSCOOCCCd*SWPG 


Insulation Withstand Voltage (AC-RMS) 2500 


(e) Pulse width limited by safe operating area 
July 1990 1/2 
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TSD22N80F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Vipryoss |Drain-Source Ipb=2mA Ves= 
Breakdown Voltage 
lpss Zero Gate Voltage Vps = Max Rating 300 LA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Te = 125 °C 1.5 mA 
lass Gate-Body Leakage pee =+20V + 300 
Current (Vps = 0) 
ON (#*) 


[Symbot [Parameter [Test Conditions | Min. | Typ. | Max. | Unit 
[vesmy [GateTWwenbisvotageYon=ves_o=tma [2 || 4 Pv 


Rpsion) |Static Drain-Source Ves=10V Ip=12A 
On Resistance 


DYNAMIC 
| Symbol | Parameter | __———Test Conditions | Min. | Typ. | Max. | Unit_ 


Forward Vps=25V Ip=12A 
Transconductance 


Ciss Input Capacitance Vops=25V f=1MHz Ves=0 
Output Capacitance 
Reverse Transfer 


Capacitance 


SWITCHING (INDUCTIVE LOAD) 


Symbol Test Conditions 


td(on) Turn-on Time Vopo =V_ Ip=A 


(di/dt)on |Turn-on Current Slope |Reas =502 Ves=10V 
ta(off) Turn-off Delay Time 
tf Fall Time 


SOURCE DRAIN DIODE 


ome emma | —_erevats, TR nT 


Isp Source-Drain Current 22 
Ispm(e¢) |Source-Drain Current 77 
(pulsed) 
== Forward On Voltage Isp = 22 A Vese= tae 


Reverse Recovery Isp = 22 A di/dt = 100 A/us 
Time 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
(e) Pulse width limited by safe operating area 


= key, SGS-THOMSON 
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ky SGS-THOMSON TSD40N50DF 


MICROELECTRONICS TSD40N50DV 
N - CHANNEL ENHANCEMENT MODE 
FREDFET MODULE 
TENTATIVE DATA 
TYPE | Voss_| Rostom | lo 


s POWER MOS TRANSISTOR MODULE WITH 
FAST RECOVERY BULK DIODE: tr < 300 ns 
@ Tj = 150°C 

» HIGH CURRENT POWER MOS MODULE 

» SPECIFIED COMMUTATING SOA 

» PARTICULARLY SUITABLE FOR BRIDGE 

CONFIGURATION 

AVALANCHE RUGGEDNESS TECHNOLOGY 

VERY LOW Rin JUNCTION TO CASE TSD40NSODV TSD40NSODF 

ISOLATED CASE (2500V RMS) 

EASY TO MOUNT rae 

LOW INTERNAL PARASITIC INDUCTANCE 

(TYPICALLY 5nH) 


INDUSTRIAL APPLICATIONS: INTERNAL SCHEMATIC DIAGRAM 
» SMPS & UPS 


» MOTOR CONTROL . | 
» WELDING EQUIPMENT oa i 
4 

§c04580 | 2 


ABSOLUTE MAXIMUM RATINGS 


Drain-Gate Voltage (Res = 20 kQ) 500 | we 


(e) Pulse width limited by safe operating area 
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CTI SGS-THOMSON TSD180N10F 
SF wicROELECTROMICS TSD180N10V 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


ee | vows [Rosen | te 


» VERY HIGH DENSITY POWER MOS 
TECHNOLOGY 

HIGH CURRENT POWER MOS MODULE 
VERY LOW Rth JUNCTION TO CASE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 
(TYPICALLY 5nk) 


TENTATIVE DATA 


TSD180N10V TSD180N10F 
INDUSTRIAL APPLICATIONS: 
» DC/DC & DC/AC CONVERTERS ISOTOP 
» SMPS & UPS 
» MOTOR CONTROL 


INTERNAL SCHEMATIC DIAGRAM 


3 [ i 
z 
SCO4590 | 
Z 


ABSOLUTE MAXIMUM RATINGS 


a 
| ib | Drain Current (continuous) at Tc = 25 °C 
| Ip | Drain Current (continuous) at T. = 100 °C 
| Prot | Total Dissipation at Tc = 25 °C 
[[Derating Factor Sid 


(e) Pulse width limited by safe operating area 
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fy, SGS-THOMSON == TSD200NO5F 
7 iCROELECTRONICS TSD200NO05V 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


ADVANCE DATA 


We | Voss [Rosen | te 


» VERY HIGH DENSITY POWER MOS 
TECHNOLOGY 

HIGH CURRENT POWER MOS MODULE 
VERY LOW Rih JUNCTION TO CASE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 
(TYPICALLY 5nH) 


TSD200N05V TSD200NO05F 


INDUSTRIAL APPLICATIONS: ISOTOP 


» DC/DC & DC/AC CONVERTERS 
a SMPS & UPS 
» MOTOR CONTROL 


INTERNAL SCHEMATIC DIAGRAM 


3 [ | { 
4 
5C04590 | 
2 


ABSOLUTE MAXIMUM RATINGS 


Drain Current (pulsed) 


Viso__ [Insulation Withstand Voltage (AC) 2500 


(e) Pulse width limited by safe operating area 
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TSD200NO05F/V 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 
OFF 


Symbol Test Conditions SS a 
Viprypss |Drain-Source IDb=2mA Ves= 
Breakdown Voltage 
lpss Zero Gate Voltage aie = Max Rating LA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Tc = 125 °C mA 
lass Gate-Body aia Vas=t20V + 400 
Current (Vps = 


ON (#) 


ee ee. 
["Yesm [Sete Twethot Voloe|ion=Ves b=2ma [2 | 4 


a on) |Static Drain-Source Ves=10V Ip=i100A 
On Resistance 


DYNAMIC 


Forward Vps=25V Ip=100A 
Transconductance 


Input Capacitance Vos=25V f=1MHz Vaes=0 
Output Capacitance 

Reverse Transfer 

Capacitance 


SWITCHING (INDUCTIVE LOAD) 


taon) Turn-on Time Vop = 40 V Ip = 100A 


(di/dt)on |Turn-on Current Slope |Res=250Q #$£=Ves=10V 
taoft) |Turn-off Delay Time 
tf Fall Time 


SOURCE DRAIN DIODE 


Source-Drain Current 
Source-Drain Current 
(pulsed) 


ae Forward On Voltage |iso = 200A Ves = 0 


Reverse Recovery Isp = 200 A_ di/dt = 100 A/us 
Time 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
. Pulse width limited by safe operating area 


Isp 
Ispm(e) 


2/2 
kayz SGS-THOMSON 
402 Sf imcnozvecrromes 


{7 SGS-THOMSON = =—SETSD250NO5SF 
SF WcROELECTROMICS TSD250N05V 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


TENTATIVE DATA 


eee 


» VERY HIGH DENSITY POWER MOS 
TECHNOLOGY 

HIGH CURRENT POWER MOS MODULE 
VERY LOW Rtn JUNCTION TO CASE 
ISOLATED CASE (2500V RMS) 

EASY TO MOUNT 

LOW INTERNAL PARASITIC INDUCTANCE 
(TYPICALLY 5nH) 


TSD250N05V TSD250N05F 
INDUSTRIAL APPLICATIONS: ISOTOP 
a DC/DC & DC/AC CONVERTERS 
a» SMPS & UPS 


» MOTOR CONTROL 


INTERNAL SCHEMATIC DIAGRAM 
3 is 1 
4 
rs ¢ 


ABSOLUTE MAXIMUM RATINGS 


rsymbot[——Parameter—=—=S=~=“‘“‘*dSSC“‘SC*‘O™™S™S~SS~*d;C 
Vos [Drain-Source Voltage (Vos=0) —=SSC«dtS(‘“‘SC;S™SON”*#C#*#~‘“‘N;‘SG‘~S 
a ee 


| ip Drain Current ( Sean at Tc = 25 °C 250 ea 


en a 
— oeating Fes 


(e) Pulse width limited by safe operating area 
July 1990 1/1 
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sGS-THOMSON 
MICROELECTRONICS BYT 230PI(V)-200 400 


ky 


FAST RECOVERY RECTIFIER DIODES 


a» VERY LOW REVERSE RECOVERY TIME 
a VERY LOW SWITCHING LOSSES 

a LOW NOISE TURN-OFF SWITCHING 

a INSULATED : Capacitance 45pF 


Fast-on version Screw version 
DESCRIPTION ISOTOP 
Double rectifiers suited for switching mode power (Plastic) 
supply. 


ABSOLUTE RATINGS (limiting values) 


Symbol 
Repetitive Peak Forward Current 
RMS Forward Current per leg 


lF(AV) Average Forward Current Tease = 60°C 30 A 
6 = 0.5 per leg 
l—Esm Surge non Repetitive Forward Current tp = 10ms. 350 A 

Sinusoidal 
Power Dissipation Tcase = 60°C 50 W 
per leg 
Storage and Junction Temperature Range ~ 40 to + 150 
T, 


BYT 230PI(V)- 
Symbol Parameter 


eae rag o 


THERMAL RESISTANCES 


Symbol Test Conditions pValue | Unit 


total 0.8 


Coupling 
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BYT 230PI(V)-200 — 400 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS 


-Symbol_| ____TestConitfons______ {| min {| Typ. {| Max. {Unit 
an eee 


IF=1A  dig/dt=-15A/us Vp_ =30V 
IF = 0.5A IR = 1A lee = 0.25A 


tinmM die/dt =— 120A/us oe =200V If =30A 
di-/dt = — 240A/us ps [= 
le Z See Figure 11 
_" [gens — di¢/dt =— 120A/us 


Hdig/dt =-240As 


Tj = 100°C Vec = 60V l- =lF(av) 
die/dt =— 30A/us Lo = 1nH See Figure 12 


Note : Applicable to BYT 230PI(V)-400 only 
To evaluate the conduction losses use the following equations : 


VF = 1.1 + 0.0095 Ir P = 1.1 x IF(av) + 0.0095 Ir“(pms) 
eae UUUUCCCCC“‘(#SUUOCté*#C”#*#‘d®yy’ THOMSON 
7 McROELECTROMICS 
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BYT 230PI(V)-200 — 400 


| PACKAGE MECHANICAL DATA 
ISOTOP Plastic : FAST-ON VERSION 


Marking : type number 
ISOTOP Plastic : SCREW VERSION 


Marking : type number + suffix V 


Recommended screw torque value : 13 + 2kgcm 
Maximum screw torque value : 15kgcm 
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BYT 230PI(V)-200 — 400 


i a i SP fC 
pee Tee ean eae) 
aie 


7 oo 


i 


oe de. 
ae, 
VY 


0 
0 5 10 15 20 25s IF(AV) 0 0,2 0,4 0,6 0,8 i) 


FIGURE 1: Low frequence power losses versus (A) FIGURE 2: Peak current versus form factor. 
average current. 


10-22 4 6 81071 2 4 6. tp(s) 


FIGURE 3: Non repetitive peak surge current versus 
overload duration. 


30% confidence 
Tj = 100°C 


a ee 
fe ere OS Me 


MEET 
CNC 
PUN ETT 
HEN TT 
CCP 


Ay 


0 100 If (A) 101 20 40 6080102 200 400 600 digyqt 
FIGURE 5: Voltage drop versus forward current. FIGURE 6 : Recovery charge versus dif /dt. (A/us) 
OP oe es {7 SGS-THOMSON 
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BYT 230PI(V)-200 — 40 


pl a SL ee 

ry ee ae a 
ane 
oN 

ae ee 


100 200 300 400 dip/dt 10 20 40 60 80100 200 400 600 dif/dt 
FIGURE 7 : Recovery time versus dlF/qdt. (A/us) FIGURE 8 : Peak reverse current versus dlF/dt. (A/us) 


VFP 
(V) 


ae 
ae ae a ae contidence 
fe a ile Se alle 
oo as ae Fe 
or a a ee 
Save See 
fleet Almelo lis Sat a dlles Med 
ee a i ae a 


20 


15 


10 


100 200 300 400 dip/dt 0 50 100 150 200 Ty (°C) 
FIGURE 9: Peak forward voltage versus dlF/qt. (A/ps) FIGURE 10 : Dynamic parameters versus junction 
temperature. 
DUT 
Lc 
Voc 
Figure 11 : Turn-off switching characteristics (without series inductance). 
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BYT 230PI(V)-200 — 400 


lc 


Figure 12 : Turn-off switching characteristics (with series inductance). 
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[, SGS-THOMSON 
IF icROELECTROMICS BYT 230 PI(V)-600/800 


FAST RECOVERY RECTIFIER DIODES 


» HIGH REVERSE VOLTAGE CAPABILITY 
a» VERY LOW REVERSE RECOVERY TIME 
» VERY LOW SWITCHING LOSSES 

a LOW NOISE TURN-OFF SWITCHING 

a INSULATED : Capacitance 45pF 


Fast-on version Screw version 


ISOTOP 
(Plastic) 


DESCRIPTION 


Double rectifiers suited for switching mode power 
supply. 


ABSOLUTE RATINGS (limiting values) 


Symbol | —=S=S~S~S~C~iavameterSS~*dsCSC“‘C‘Cae®”~~—~—~=«(;CUnit ‘| 
Repetitive Peak Forward Current tp S$ 10s ———E7E 


lE(RMS) RMS Forward Current per leg 


IF(AV) Average Forward Current Tease = 50°C 
6 = 0.5 per leg 

lFSM Surge non Repetitive Forward Current tp = 10ms 
Sinusoidal 

Power Dissipation Tease = 50°C 
per leg 
Storage and Junction Temperature Range — 40 to + 150 - 
t 


BYT 230 PI (V)- 
aaa ibaa [600 | 800 


THERMAL RESISTANCES 


Symbol 


eas 0. 8 


| Rime | Couping 
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BYT 230 PI(V)-600/800 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS 


| Symbol | TestConditions | Min, | Typ. | Max. | Unit_| 
oe eae = VRRM 2 

a Tj = 25°C Ir = 30A oer ona a v 

: 


RECOVERY CHARACTERISTICS 


er ee 
T, = 25°C Ip =1A_ digdt=-15As Va=30V | | | 130 | 
lp =0.5A  IR=1A inn=0.25 | | | 55 | 
TURN -OFF SWITCHING CHARACTERISTICS (Without Series Inductance) 


Symbol Test Conditions 
tinm di-/dt = -— 120A/us Vec =200V Ip =30A 
dir/dt = — 240A/ p } 
= ss See Figure 11 
IRM di-/dt = — 120A/us 
dig/dt = — 240A/us 


T; = 100°C Voc =150V Ir =IFav) 
die¢/dt = — 30A/us Lo =4yH See Figure 12 


To evaluate the conduction losses use the following equation : 


Ve = 1.47 + 0.010 Ir P = 1.47 x IF(AV) + 0.010IF°(rms) 
eC ses-THOMson 
7 imenoeecrromes 
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BYT 230 PI(V)-600/800 


PACKAGE MECHANICAL DATA 
ISOTOP Plastic : FAST-ON VERSION 


Marking : type number 
ISOTOP Plastic : SCREW VERSION 


Marking : type number + Suffix V 


Recommended screw torque value : 13 + 2kg.cm. 
Maximum screw torque value * 15kg.cm. 


Gs- 3/6 
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BYT 230 PI(V)-600/800 


FIGURE 1: Low frequency power losses 


versus average current. 


to72 4074 4 


FIGURE 3: Non repetitive peak surge 
current versus overload 
duration. 
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FIGURE 5: Voltage drop versus forward 


current. 


60 BO 100 120 


FIGURE 2: Peak current versus form 


factor. 


c= Feng er 
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FIGURE 4 : 


Thermal impedance versus 
pulse width. 


pais (pC) 
90 : confidence 
Tj = 400. °C 


Z| 
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= 


FIGURE 6 : 


Hh 


Recovery charge versus dir/dt. 
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MICROELECTRONICS 


BYT 230 PI(V)-600/800 


Tr = Tray 
Tj = 400 °C 
90 % confidence 


dip/dt (A/ps) 
0.0 400 200 300 400 


FIGURE 7: Recovery time versus di¢/dt. FIGURE 8 : Peak reverse current versus 
dip/dt. 


V (V) § 
25 FP 


es ol a ey 
Ga fe ig (ae a Do 


0 50 400 450 
FIGURE 8 ; Pesk forward voltage versus FIGURE 40 : Dynamic parameters versus 
dig /dt. junction temperature. 


DUT 


Figure 11 : Turn-off switching characteristics (without series inductance). 


fay SGs-THoMson 
S/ MICROELECTRONICS 


415 


BYT 230 PI(V)-600/800 


Figure 12 : Turn-off switching charcteristics (with series inductance). 
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‘CTI SGS-THOMSON 
7 iwicRozLecTROMICS = BYT 230 PI(V)-1000 


FAST RECOVERY RECTIFIER DIODE 


a VERY HIGH REVERSE VOLTAGE CAPABILITY 
» VERY LOW REVERSE RECOVERY TIME 

a VERY LOW SWITCHING LOSSES 

a» LOW NOISE TURN-OFF SWITCHING 

a INSULATED : Capacitance 45pF 


Fast-on version Screw version 
DESCRIPTION ISOTOP 
Double rectifiers suited for switching mode power (Plastic) 
supply. 


ABSOLUTE RATINGS 


[Symbol] _——~S~S~S arate —SSSCSCSC~—rCSSSSV tw 
[ Vnaw | Repelive Peak Reverse Vollage —~—~SCSCS~S~S~—CSSSit0SSS*dC 
TVnsw | Non Repeltve Peck Reverse Volage——~=~=~*~“~*“‘~*~*~rtC*‘“‘~*~*sOOOSC*‘“rtC‘C*d 
ee a 


= Average Forward Current Tease = 50°C 
6 = 0.5 per leg 

lesm | Surge Non Repetitive Forward Current tp = 10ms 
Sinusoidal 

Power Dissipation Tease = 50°C W 
per leg 
Storage and Junction Temperature Range — 40 to + 150 
q 


THERMAL RESISTANCES 


Rth (-c) | Junction-case per leg 1.5 pvr 
ac a aes 8 


/Coupling | °C/W 


P)rPyri<i< 
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BYT 230 PI(V)-1000 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS 
Symbol Test Conditions 


Va = VrrM 


Ir = 30A 
rene eee ee 


RECOVERY CHARACTERISTICS 


Symbol ‘Test Gonditions—SCS~*drCns | Ts | as | | 
tr | T, = 25°C Ir=1A —dig/dt=-15As Va =30V. |  ~—|——sdYsCsi685 | sonss 
Ip =0.5A — In=tA =0254 | | | 70 | 


TURN-OFF SWITCHING CHARACTERISTICS (Without Series Inductance) 


Symbol Test Conditions 
tinam = | die/dt=- 120A/us| Vcc = 200V Ip = 380A 
di¢/dt esas 240A/us Lp < 0.05nH T; = 100°C 
See figure 11 
die¢/dt =— 120A/us 
dir/dt =— 240A/us 


TURN-OFF OVERVOLTAGE COEFFICIENT (With Series Inductance) 


Symbol] —~—~STest Gonaitions ————SSSS~ Cin, | Type | Mas | nit | 


di-/dt =— 30A/us_ Lp = 5H See figure 12 


To evaluate the conduction losses use the following equation : 


Ve = 1.47 + 0.010 Ir P = 1.47 x IF(AV) + 0.010IF7(rms) 
2 {57 SGS-THOMSON 
7 iicrotecrnomes 
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BYT 230 PI(V)-1000 


PACKAGE MECHANICAL DATA 
ISOTOP Plastic : FAST-ON VERSION 


Marking : type number 
ISOTOP Pastic : SCREW VERSION 


Marking : type number + suffix V 


Recommended screw torque value ° 13+ 2kg.cm 
Maximum screw torque value : 15kg cm. 


(7, SGS-THOMSON a 
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BYT 230 PI(V)-1000 


Ie (avy (A) 


“Eeereeeet PNT 
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Peak current versus form 


factor. 


FIGURE 2 : 


Low frequency power losses 
versus average current. 


FIGURE 1: 


° 


Thermal impedance versus 


pulse width. 


FIGURE 4: 


Non repetitive peak surge 
current versus overload 


duration. 


FIGURE 3 : 
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Recovery charge versus di¢/dt. 


FIGURE 6 : 


Voltage drop versus forward 
current. 


FIGURE 5 : 
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BYT 230 PI(V)-1000 
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or tees 
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FIGURE 7 : Recovery time versus dip/dt. FIGURE 8: Peak reverse current versus 


die/dt. 
se 15- 

ig) eS 
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FIGURE 8: Peak forward voltage versus FIGURE 40 : Dynamic parameters versus 
dip /dt. 


junction temperature. 


Figure 11 : Turn-off switching characteristics (without series inductance). 
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BYT 230 PI(V)-1000 


Figure 12 : Turn-off switching characteristics (with series inductance). 
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f SGS-THOMSON 
7 iicROELECTROMICS BYT 230 PI(V)-1200 


FAST RECOVERY RECTIFIER DIODE 


s VERY HIGH REVERSE VOLTAGE CAPABILI- 
TY 

a» VERY LOW REVERSE RECOVERY TIME 

» VERY LOW SWITCHING LOSSES 

» LOW NOISE TURN-OFF SWITCHING 

a INSULATED : Capacitance 45pF 


Fast-on version Screw version 
DESCRIPTION ISOTOP 
Double rectifiers suited for switching mode power (Plastic) 
supply. 


ABSOLUTE RATINGS 


[Symbot] —~S~*~<“S~*~*~< rameter —SSSSCSC*~*~drCSC~CS~«S aC 
[Vasu | Non Repetitive Peak Reverse Votage —=~=~*~“~*~*~“~*‘dtCS*~“~sOSC“‘“(;CSC* 
[ete at ave Core Tipe [a 


lE(Av) Average Forward Current Tease = 55°C 
5 =0.5 per leg 
lesm Surge Non Repetitive Forward Current tp = 10ms 
Sinusoidal 
Power Dissipation Tease = 55°C 
per leg 
Storage and Junction Temperature Range — 40 to + 150 
Tq 


THERMAL RESISTANCES 


Rth y-c) | Junction-case per leg 1.5 “7 
co oe 0.8 


[couning OCC“‘“‘SCSCSC~“‘SCSC*~*~* 
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BYT 230 PI(V)-1200 


ELECTRICAL CHARACTERISTICS 


STATIC CHARACTERISTICS 
[sym [Fost onan in yp en To 
i= 100° ee ee ae 
ae) aes 


RECOVERY CHARACTERISTICS 


[symboi[ _TestGonditions ————~«(-—iMin. ‘| Typ. | Max. | Unit 
tr | T, =25°C Ir=1A  dig/dt=-15Aus  Va=30V | | | 165 | 
TURN-OFF SWITCHING CHARACTERISTICS (Without Series Inductance) 


symbol] Test Conditions | in. | Typ. | Max. | Unit 
tiam | die/dt =- 120A/us| Voc =200V Ir =30A oo es nearer a4 

dig/dt = 240A/ys] Lp < 0-05nH T, = 100°C 
See figure 1 

dir/dt =— 120A/us 

dir/dt =- 240A/us 


TURN-OFF OVERVOLTAGE COEFFICIENT (With Series Inductance) 


[Symbt[rest conan in [i Tan 


Tj = 100°C Voc =200V Ir =IF av) 
di-/dt =— 30A/us Lp = 5pH See figure 2 


To evaluate the conduction losses use the following equations : 


Ve = 1.47 + 0.010 IF P = 1.47 x IF(AV) + 0.010IF“(ams) 
“a ScS-THOMSON 
S/ i MICROELECTRONICS 
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BYT 230 PI(V)-1200 


PACKAGE MECHANICAL DATA 
ISOTOP Plastic : FAST-ON VERSION 


Marking : type number 
ISOTOP Plastic : SCREW VERSION 


Marking : type number + Suffix V 


Recommended screw torque value : 13 + 2kgcm. 
Maximum screw torque value : 15kg.cm 


G7, SGS-THOMSON — 
S/ | MICROELECTRONICS 
425 . 


BYT 230:PI(V)-1200 


DUT 


Figure 1 : Turn-off switching characteristics (without series inductance). 


IF 


Figure 2 : Turn-off switching characteristics (with series inductance). 
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f SGS-THOMSON 
SF iicROELECTROMICS BYT 261PI(V)-200->400 


FAST RECOVERY RECTIFIER DIODES 


a VERY LOW REVERSE RECOVERY TIME 
a VERY LOW SWITCHING LOSSES 

a LOW NOISE TURN-OFF SWITCHING 

as INSULATED : Capacitance4 5pF 


Fast-on version Screw version 


ISOTOP 
(Plastic) 


DESCRIPTION 


Double rectifier suited for switching mode power 
supply. 


ABSOLUTE RATINGS (limiting values) 


Symbol | Parameter | ate Unit 
Repetitive Peak Forward Current tp S$ 10s a ae 
RMS Forward Current per leg 40 fa 


lEcav) Average Forward Current Tease = 80°C 
5 = 0.5 per leg 

lesm Surge non Repetitive Forward Current tp = 10ms 
Sinusoidal 

Power Dissipation Tcase = 80°C 
per leg 
Storage and Junction Temperature Range — 40 to + 150 Pe 
q, 


ails ania | 200 | 300 | 400 


THERMAL RESISTANCES 


Symbol Test Conditions 


ame ee ee ee 4 


Pain 4 (c) /Coupling ss—i—sSSSSSiii | c/w | 
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BYT 261PI(V)-200 — 400 


ELECTRICAL CHARACTERISTICS (per leg) 
STATIC CHARACTERISTICS 


[Symbet [Fest Coneons in Tp [ne oni 
[= 1006 [fe [na 


RECOVERY CHARACTERISTICS 


=_— Test Conditions | Min. | T 


T, = 25°C iain ace =-15A/us Vr =30V 


Symbol Test Conditions 
tinm dir/dt = — 240A/us Vec =200V If =60A 
die/dt = — 480A/us Lp < 0.05nH Tj = 100°C 
See figure 14 
die/dt = — 240A/us 
di-/dt = — 480A/us 


TURN-OFF OVERVOLTAGE COEFFICIENT aMule Series Inductance) 


a a se Ss 


Tj = 100°C Veco =120V Ir = levy) See note 


dir/dt=-60A/is Lp, =0.8uH See figure 2 


Note : Applicable to BYT 230PI(V)-400 only 
To evaluate the conduction losses use the following equations : 


Ve = 1.1 + 0.0045 Ir P = 1.1 x IF(av) + 0.0045le7(pms) 
2/4 7 SGS-THOMSON 
7 wicRoELEctROMes 
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BYT 261PI(V)-200 — 400 


PACKAGE MECHANICAL DATA 
ISOTOP Plastic : FAST-ON VERSION 


Marking : type number 
ISOTOP Plastic : SCREW VERSION 


Marking : type number + Suffix V 


Recommended screw torque value : 13 + 2kg.cm. 
Maximum screw torque value : 15kg.cm. 


(7 SGS-THOMSON Se es ee ce 
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BYT 261PI(V)-200 — 400 


DUT 


Figure 1 : Turn-off switching characteristics (without series inductance). 


IF 


Figure 2 : Turn-off switching characteristics (with series inductance). 
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171 SGS-THOMSON 
7 wicROELECTROMICS BYT 261PI(V)-600/800 


FAST RECOVERY RECTIFIER DIODES 


» HIGH REVERSE VOLTAGE CAPABILITY 
a» VERY LOW REVERSE RECOVERY TIME 
a VERY LOW SWITCHING LOSSES 

a LOW NOISE TURN-OFF SWITCHING 

a INSULATED : Capacitance 45pF 


Insulating voltage 2500 Vrms 


SUITABLE APPLICATIONS 

m FREE WHEELING DIODE IN CONVERTERS 
AND MOTOR CONTROL CIRCUITS 

ma RECTIFIER IN S.M.P.S. 


Fast-on version Screw version 


ISOTOP 
(Plastic) 


ABSOLUTE RATINGS (limiting values) 


Symbol 
Repetitive Peak Forward Current tp < 10us 750 
RMS Forward Current per leg -__#0_ fA 


lF(AV) Average Forward Current Tease = 60°C 
6 = 0.5 per leg 

lESm Surge non Repetitive Forward Current tp = 10ms 
Sinusoidal 

Power Dissipation Tease = 60°C 130 W 
per leg 
Storage and Junction Temperature Range — 40 to + 150 
T, 


Garrioe 261P! (V)- 
Symbol Parameter 


Repetitive Peak Reverse Voltage = 827 see) 
Non Repetitive Peak Reverse Voltage | 640 | 850 | vi | 
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BYT 261PI(V)-600/800 


THERMAL RESISTANCES 


a 


Total 


Coupling 
Contact-between Case and Heatsink 


= Taalen aie of screw mounting on cooling fin : 13kg.cm. 
Thermal compound shall be applied between case and cooling fin. 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS 


| Symbol | Test Conditions | Min. | Typ, | Max. | Unit | 
Va = VARM P| too | 
ee 
Ir = 60A re ee 


RECOVERY CHARACTERISTICS 


[symbol | TestConditions | Min. | Typ. | Max. | Unit 
tr [T= 25°C [I= 1A dig/ot=-15As Va=30v | || 135 
Ip =0.5A Ip=1tA r= 0.254 | | | 65 | 


TURN -OFF SWITCHING CHARACTERISTICS (Without Series Inductance) 


[Smet [est eoons in i [es Tot 


| dig/dt=-480As | Le $9. 0.05 1H T= = 100°C 


See figure 1 
oS di-/dt = — 240A/us 


| dig/dt=-480Aus 


TURN -OFF OVERVOLTAGE COEFFICIENT (With Series Inductance) 


[Symbol [Test Conditions ————SS~dCn | Typ, | Mex | Un 


C - Vrp T, = 100°C Veco = 150V se = IFvavy 3.3 4 
7 Veo di¢/dt = — 60A/us Lp = 2uH See figure 2 


To evaluate the conduction losses use the following equations : 


Ve = 1.47 + 0.005 Ir P = 1.47 x IF(Av) + 0.005IF(AMs)* 
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BYT 261PI(V)-600/800 


PACKAGE MECHANICAL DATA 
ISOTOP Plastic : FAST-ON VERSION 


Marking . type number 


ISOTOP Plastic : SCREW VERSION 


ky 86S:THOMsoN ee 
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BYT 261PI(V)-600/800 


DUT 


Figure 1 : Turn-off switching characteristics (without series inductance) 


IF 


Figure 2 : Turn-off switching characteristics (without series inductance) 
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f GS-THOMSON 
‘ff rl tac BYT 261 PI(V)-1000 


FAST RECOVERY RECTIFIER DIODE 


» VERY HIGH REVERSE VOLTAGE CAPA- 
BILITY 

» VERY LOW REVERSE RECOVERY TIME 

a» VERY LOW SWITCHING LOSSES Insulating voltage : 2500 Vrms 

a LOW NOISE TURN-OFF SWITCHING 

s INSULATED : Capacitance 45pF 


Fast-on version Screw version 


DESCRIPTION ISOTOP 


Double rectifiers suited for switching mode power (Plastic) 
supply. 


ABSOLUTE RATINGS 


[Symbol ——~—~S~Savameter ——SSCSCS*~S~idCSS dw 
Te a we 


lF(AV) Average Forward Current Tease = 60°C 
6 =0.5 per leg 
lesm Surge Non Repetitive Forward Current tp = 10ms 
Sinusoidal 
Power Dissipation Tease = 60°C 
per leg 
Storage and Junction Temperature Range — 40 to + 150 ea 
qj 


THERMAL RESISTANCES 


Symbol 


Rth (j-c) Junction-case per leg 0.7 wait 
<r 0.4 


| Rm [Coupling 
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BYT 261 PI(V)-1000 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS 


Symbol Test ondiins in TYP Men ant 
Ty= 25°C Vr = Varn | 


Ir = 60A 
es eee 


RECOVERY CHARACTERISTICS 


Simei [ rest enn Tis [ne [eT 


T) = 25°C Ip=1A — dig/dt=-15Aus Va=30V | | | 170 | 
Ip=05A_ In=1A lr0.25A {| | | 70 
TURN-OFF SWITCHING CHARACTERISTICS (Without Series Inductance) 


[symbol] Test Gonaitions ——~—S~S~wCin | yp | Max, | Unit 
200 


fw [ae — ene 


Voc = 200V If =60A 
See figure 1 


Vec = 200V If = lr (AV) 4.5 
Lp =2.5uH See figure 2 


To evaluate the conduction losses use the following equations : 


Ve = 1.47 + 0.005 Ir P = 1.47 x lF(av + 0.005 IF“(Rms) 
“a SGS-THOMSON 
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BYT 261 PI(V)-1000 


PACKAGE MECHANICAL DATA 
ISOTOP Plastic : FAST-ON VERSION 


Marking type number 
ISOTOP Plastic : SCREW VERSION 


Marking : type number + Suffix V 


Recommended screw torque value : 13 + 2kg.cm. 
Maximum screw torque value : 15kg.cm. 
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BYT 261 PI(V)-1000 


DUT 


Figure 1 : Turn-off switching characteristics (without series inductance). 


IF 


Figure 2 : Turn-off switching characteristics (with series inductance). 
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wa : 0 
+f | perl al BYV 54(V)-50 — 200 


HIGH EFFICIENCY FAST RECOVERY RECTIFIER DIODES 


a» VERY SMALL CONDUCTION LOSSES 

» NEGLIGIBLE SWITCHING LOSSES 

» LOW FORWARD AND REVERSE RECOVERY 
TIMES 

» REDUCED SIZE 

a INSULATED : capacitance 45pF 


Fast-on version Screw version 
DESCRIPTION 
ISOTOP 


Low voltage drop double rectifiers suited for (Plastic) 
switching mode power supply. 


ABSOLUTE RATINGS (limiting values) 


Symbol |__Parameter | ate Unit 
Repetitive Peak Forward Current tp < 20uUs 1000 
RMS Forward Current 100 per leg 


lE(Av) Average Forward Current Tc = 90°C 50 per leg A 
6 =05 

lesm Surge non Repetitive Forward Current tp = 10ms 1000 A 
sinusoidal 


Power Dissipation Tc = 90°C 50 per leg 


Storage and Junction Temperature Range — 40 to 150 
qT, 


BYV 54 (V)- 


ican | 50 | 100 | 150 | 200 | 
[Van _| 


THERMAL RESISTANCES 


Symbol 


an 
0.8 tota 
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BYV 54(V)-50 — 200 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS (per leg) 


| Symbol | CTestConditions =| Min. | Typ. | Max. | Unit | 
T= 25°C Vr = VaRM ) 0 a 
re ee ee 

Ve Tj = 25°C Ir = 160A ‘ 
T, = 100°C Ip = 50A 


RECOVERY CHARACTERISTICS (per leg) 


ae -——_______TestConeitions__|_win. | Typ. | wax. | Unit _ 
T, = 25°C lp =1A die/dt = — 50A/us 
Vr =30V see figure 11 
T, = 25°C lp =2A dif-/dt = — 20A/us 
Va s 30V 
ter T; = 25°C i = 1A tr = 5ns 
Measured at 1.1 x Ve 


7, = 25°C 


To evaluate the conduction losses use the following equations : 
Ve =0.7 + 0.0027 IF 

1 leg : P =0.7 x IF (av) + 0.0027 IF“(A (RM 

Total : P = 0.7 x IF (avy + 0.0013 “(A 
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BYV 54(V)-50 — 200 


0 30 40 50 0 0.2 0.4 0.6 0. a aa 
FIGURE 4: Power losses versus average FIGURE 2: Peak current versus form 
current. factor. 


0 
4072 4074 4 oon 407-9 4072 4074 4 
FIGURE 3: Non repetitive pesk surge FIGURE 4: Thermal impedance versus 
current versus duration pulse width. 


Eo ae eee me 
ie eee ee oe A 


or initial 


| 4+ 
ee 
474 ere 
1 ae 
ee eS 


0 400 450 200 4 40 402 
FIGURE 5: Voltage drop versus forward FIGURE 6 : Recovery charge versus dif/dt. 
current. 
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BYV 54(V)-50 — 200 


tw [soxcenticece TTT TT TT 


ESN - 
aa N me 
wa if 
SS 

= Wh 
ae. 


FIGURE 7: Recovery time versus dip/dt. FIGURE 6: Peak reverse current versus 
dir/dt. 


240 
a 
1 2 46 10 2 40 100 200 Vpriv) 25 50 75 100 125 Tiyj}(OC) 
FIGURE 8: Capacitance versus reverse FIGURE 10: Dynamic parameters versus 
voltage applied. junction temperature. 


FIGURE 14: Measurement of trp (fig.7) 
and Ipy (fig.6). 
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BYV 54(V)-50 — 200 


PACKAGE MECHANICAL DATA 
ISOTOP : FAST-ON VERSION 


Marking : type number 
ISOTOP : SCREW VERSION 


Marking : type number + suffix V 


Recommended screw torque value : 13+ 2kg cm 
Maximum screw torque value *15kg cm. 
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7 iwicRoELecTROMIes BYV 255(V)-50 > 200 


HIGH EFFICIENCY FAST RECOVERY RECTIFIER DIODES 


a VERY SMALL CONDUCTION LOSSES 

» NEGLIGIBLE SWITCHING LOSSES Insulating voltage 2500 Vams 

a LOW FORWARD AND REVERSE RECOVERY 
TIMES 

a» INSULATED : capacitance 55pF 

=» DOUBLE TWIN CHIPS 


SUITABLE APPLICATIONS 

a FREE WHEELING DIODE IN CONVERTERS 
AND MOTOR CONTROL CIRCUITS 

a» RECTIFIER IN S.M.P.S. 


Fast-on version Screw version 


DESCRIPTION ISOTOP 
Low voltage drop double rectifiers. (Plastic) 


ABSOLUTE RATINGS (limiting values) 


Symbol |______-Parameter——~=S~*~“~*~*~*idSC~C*é‘ a SSS*d;SCt 
Repetitive Peak Forward Current tp < 20us 1500 
RMS Forward Current 150 per leg A 


lF(AV) Average Forward Current To = 110°C 100 per leg 
6 =0.5 

l-sm Surge non Repetitive Forward Current tp = 10ms 1600 
Sinusoidal 


Power Dissipation To = 110°C 100 per leg bey ol 


T stg Storage and Junction Temperature Range — 40 to 150 °C 
qT; 
oe pti | 50 | 100 | 150 | 200 | 
100 150 


THERMAL RESISTANCES 


=a 


Rth (j-c) | Junction-case 0.4 per leg a 
0.25 total 
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BYV 255(V)-50 — 200 


ELECTRICAL CHARACTERISTICS 
STATIC CHARACTERISTICS (per leg) 


Cd a 


oe Ip = 320A 
Tame Ir = 100A 
RECOVERY CHARACTERISTICS (per leg) 


Sybo Test Conditions Cin. | Typ. | Max. | Unit_| 
T, = 25°C lp =1A di¢/dt = - 50A/us ns 
VR =30V see figure 11 
T, = 25°C lp =2A dif/dt = - 20A/us 
Va < 30V 
T, = 25°C Ir =1A tr = 5ns 
heacured at 1.1x Ve 


T, = 25°C Ip = 1A t, = 5ns 


TURN-OFF SWITCHING CHARACTERISTICS (per leg) 


Symbol Test Conditions | Min. | Typ. | Max. | Unit | 
Inu | T, = 100°C Iz = 100A dig/dt = - 200A/us a ae es A 
Ly < 0.05yH Voc $ 0.6 V 


To evaluate the conduction losses use the following equations : 
Ve =0.7 + 0.00135 IF 

1 leg : P = 0.7 X IF (av) + 0.00135 IF“(RMS) 

Total : P = 0.7 x IF (av) + 0.0007 IF“(ams) 
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BYV_ 255(V)-50 — 200 


PACKAGE MECHANICAL DATA 
ISOTOP Plastic : FAST-ON VERSION 


Marking : type number 


ISOTOP Plastic : SCREW VERSION 


Marking : type number + suffix V 


Recommended screw torque value . 13 + 2Kgcm. 
Maximum screw torque value : 15Kg.cm. 
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NPN TRANSISTOR POWER MODULE 


» POWER MODULE WITH INTERNAL ISOLA- 
TION (2500V RMS) 

2 LOW Rtn JUNCTION TO CASE 

« ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 


» MOTOR CONTROL 
a» HIGH POWER SMPS AND UPS 


TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 


fe 2 


3SC04510 


ABSOLUTE MAXIMUM RATINGS 


[Symbol] __——s~Parameter S| =SSSCS~*~*~S ate ~SSSSS~*d;C 
Collector-Emitter Voltage (VBE = -2V) 


[Ic [Reverse Collector Curent ——SSSSC~dESC“‘(‘S‘s™SOCO™7™O~CS CA 
[te [Base Curent C~<“~*‘~*S*~é~dNSC“‘CS3éSOC~‘*SNOOCOC#C#‘“‘(#(§#S#CLCAN‘CW 

sesh 
Prot |Total Dissipation at Te = 25 °C 
July 1990 1/4 


SGS40TA045 


THERMAL DATA 


Rthj-case |Thermal Resistance Junction-case Max 
Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 


cain. yp. es [i 


IcEO Collector Cut-off Vce = 450 V 
Current 

Ices Collector Cut-off Voce = 850 V mA 
Current (Vee = 0) Voce =450V T,= 125°C mA 

IcEv Collector Cut-off Vce = 850 V mA 
Current (Vee = -2 V) Vce=450V T,= 125°C mA 


VcE(sat)* ee Emitter Ic=40A Ip=8A 
Saturation Voltage 
VeeE(sat)* |Base-Emitter Ic=40A Ip=8A 
Saturation Voltage 
HFe® DC Current Gain lc =40A VoeE=2V 5 
Ic =40A VcoeE=5V 7 


INDUCTIVE LOAD Vcc =50V Ic=40A 
Storage Time Ip1 = 8A VeeE(off)= -5 V 
Fall Time T,< 125°C (see test circuits) 


ts 
tt 


+ Pulsed: Pulse duration = 300 us, duty cycle 1.5% 


Safe Operating Areas Thermal Impedance 


GC14840 6C13070 


ee 
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ee snail 
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Derating Curve 


GC13060 
oo 
ea a a 
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DC Current Gain 


GC31081 


San mail 
Py sqaore [TRS feewv | [Tf 
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10° 10! (A) 


Base-Emitter Saturation Voltage 


GC31100 
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SGS40TA045 


Output Characteristics 


GC31B30 


ey EE EE 
ptt tT tT foetal | 


Collector-Emitter Saturation Voltage 


GC31090 


Vee(sat) 
(Vv) 
2.4 


Hepa 
eee eee 


) 10 20 40 50 60 1I,{A) 


GC31110 


DR RRR Eee Sea 
pefepe pe tp beet 
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Se nme 


0 200 400 600 800V,,,,,(V) 
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SGS40TA045 


Switching Times Inductive Load Switching Times Inductive Load Versus 
Temperature 
GC31120 GC31131 


$C04550 
SC04830 


tp adjusted for nominal Ic; Ic/la= 5 
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NPN TRANSISTOR POWER MODULE 


» POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rtn JUNCTION TO CASE 

» FREEWHELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
a MOTOR CONTROL 
» HIGH POWER SMPS AND UPS 


TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 


5C04520 


ABSOLUTE MAXIMUM RATINGS 


value 
360 
(VBE = -2V) 
) 
C 


Collector-Emitter Voltage (VBE = -2V 5 
Collector-Base Voltage (le = 850 


pate 
450 
es 
ea eee 
| te |Base Current 
| Piot__|Total Dissipation atTe=25°C | 8B 
Max. Operating Junction Temperature Po 5D 
Insulation Withstand Voltage (AC-RMS) Po 500 


-0 
Emitter-Base Voltage (Ic = 0) 
=95 ° 
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SGS40TA045D 


THERMAL DATA 


Rth)-case | Thermal Resistance Junction-case Max 
Rth)-case | Thermal Resistance Junction-case (diode) Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 


ELECTRICAL CHARACTERISTICS annie = 25 °C unless otherwise specified) 


IcEO Collector Cut-off panne ce = 450 V 
Current 
IcES Collector Cut-off Vce = 850 V mA 
Current (Vee = 0) Voce =450V T,= 125°C mA 
IcEX Collector Cut-off Vce = 850 V mA 
Current (VBe = -2 V) VceE=450V T,= 125°C te mA 
(Ic = 
VcE(sat)* ere Emitter lc=40A Ip=8A 0.5 2 Ve 
Saturation Voltage 
Vpe(saty* |Base-Emitter lc=40A Ip=8A 1.1 2.2 V 
Saturation Voltage 
hre* DC Current Gain lc=40A VoeE=2V 5 
Ilc=40A Voe=5V 7 
INDUCTIVE LOAD Vec=50V Ic=40A 
rs Storage Time Ip, = 8A VBE\(off)= -9 V 2.3 see US 
Fall Time Tj) < 125°C (see test circuits) 0.28 “ 


ose aang feeeba ss Pe fv 


trr Diode Reverse le=40A_ di/dt = 100 A/us 0.2 
Recovery Time 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5% 


Safe Operating Areas Thermal Impedance 
GC14840 6C15070 
) . 4S 
pt Mn 
TT ToT 
ea? ea 1 | 
—— a SS nt 
feo ar E ee a a 
21 Ic MAX Al 10 
ee ANE StS 
i— — Lo ati 
2{-__| 
10°s cope HL 
: * rah cr non Set ea tH ; 
— Se Cot Hill 
fees Ra aa ee nil 
| 
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Derating Curve 
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Output Characteristics 
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Collector-Emitter Saturation Voltage 


GC31090 
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SGS40TA045D 


Typical Ve Versus Ir Switching Times Inductive Load 


6C15140 GC31120 


=VGEN) [Pe cecal oll 


a 
ee ae 
fe = lt ey 

ey mame A HP CY 
(maa fe RE Fa OD | | a 
ee el Ce | | AP 


ao | 
[Tr Velamp=S00V 

Are =9 

VaE(oft) =—-SV 


\ 


re a A 
10° 10! -le (A) 0 10 20 30 40 1,(A) 


Switching Times Inductive Load Versus 
Temperature 


fale 
VeE(aft) = 


$C04550 


La as TF Th 
25 30 79 100 = T, (°C) tp adjusted for nominal Ic; Ic/Ia= 5 


Switching Times Test Circuit 
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NPN DARLINGTON POWER MODULE 


» POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rth JUNCTION TO CASE 

a FREEWHELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 
» HIGH POWER SMPS AND UPS 
» HIGH POWER DC/DC AND DC/AC CON- 
VERTERS 
TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 


$C045350 


ABSOLUTE MAXIMUM RATINGS 


Symbol | Parameter | Value | Unit 
Collector-Emitter Voltage (Ie = 0) po 


< 


Collector-Emitter Voltage (Vpe = -2V) 

Ic Collector Current 25 
| ip = |BaseCurrent A 
| Pro [Total Dissipation atTe= 25°C | 8B |W 
| Tstg [Storage Temperature 
May 1990 1/4 
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SGS25DA080D 


THERMAL DATA 


Rth)-case | hermal Resistance Junction-case Max 
Rthj-case | hermal Resistance Junction-case (diode) Max 
Rthe-h Thermal Resistance Case-heatsink With Conductive 


Grease Applied Max 


2 mA 

10 mA 

Ices # Collector Cut-off Voce = 1000 V mA 

Current (Vee = 0) Vce=800V T,= 125°C mA 
ee er pe 


VcE(sat)* eee Emitter Ilc=25A lp=2.5A 
Saturation Voltage 
Vee(sat)* |Base-Emitter Ilc=25A Ip=2.5A 3.5 V 
Saturation Voltage 
hre* DC Current Gain Ilc=25A VcoeE=3V 10 
lc=25A VoeE=5V 15 
INDUCTIVE LOAD Veco =50V Ic=25A 
ts Storage Time lIp1 =1.3A  Voeevott= -5 V 6 us 
tt Fall Time T,< 125°C (see test circuits) 0.8 Us 


_—Nr_{ lode Forward vowege le = 25 A eee aeenerca ae 


Diode Reverse lr =25A_ di/dt = 100 A/us 
Recovery Time 


x Pulsed: Pulse duration = 300 us, duty cycle 1.5% 


# See test circuits in databook introduction 


Safe Operating Areas Thermal Impedance 
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SGS25DA080D 


Derating Curve 
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Output Characteristics 
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Typical Ve Versus Ir Switching Times Inductive Load 
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NPN DARLINGTON POWER MODULE 


POWER MODULE WITH INTERNAL ISOLA- 
TION (2500V RMS) 

an LOW Rih JUNCTION TO CASE 

» FREEWHEELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 
a HIGH POWER SMPS AND UPS 
» HIGH POWER DC/DC AND DC/AC CON- 
VERTERS 
TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


Collector-Emitter Voltage (VBe = -2V) 


Total Dissipation at Tc = 25 °C 
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Insulation Withstand Voltage (AC-RMS) 
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THERMAL DATA 


Rithj-case | Thermal Resistance Junction-case Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 
Rthc-h | Thermal Resistance Case-heatsink With Conductive 


Grease Applied Max 


Rpe2 = 100 Q) 
lces # |Collector Cut-off Vce = 1000 V 2 mA 
Current (Ve = 0) se =600V T,=125°C 10 mA 
lcev # |Collector Cut-off ce = 1000 V 
Current (Vee = -2 V) 
(Ic = 
VceE(sat)* ace Emitter lc =30A Ip=15A 2.5 V 
Saturation Voltage 
VeE(sat)* |Base-Emitter Ilc=30A Ip=1.5A 
Saturation Voltage 
DC Current Gain Ilc=S30A VeoeE=2.5 V 20 
Ilc=30A VceE=5V 80 100 


INDUCTIVE LOAD Vcc = 50 V Ic = 30A 
7 Storage Time Ip1 = 1.5A Vee(ott)= -5 V 3 6 Us 
Fall Time oe 300 V T,< 125°C 0.45 0.8 us 
(see test circuits) 


Diode Forward Voltage |I—F = 30 A 


Diode Reverse le =30A_ di/dt = 100 A/us 
Recovery Time 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
# See test circuits In databook tntroduction 
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Typical Ve Versus Ir Switching Times Inductive Load 
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NPN DARLINGTON POWER MODULE 


« POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rth JUNCTION TO CASE 

» FREEWHEELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 
» HIGH POWER SMPS AND UPS 
» HIGH POWER DC/DC AND DC/AC CON- 
VERTERS 
TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage (Is = 0) 
Collector-Emitter Voltage (Vee= 0) 1200 
( -2V) 
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THERMAL DATA 


Rihj-case | Thermal Resistance Junction-case Max 
Rth)-case | hermal Resistance Junction-case (diode) Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 


| Symbol | Parameter |_——_—Test Conditions | Min. | Typ. | Max. | Unit | 


lceR # |Collector Cut-off 2 mA 
Current (Rge1 = 3.3kQ |Vce=700V TT, = 125°C 10 mA 
Repe2 = 100 Q) 
Ices # |Collector Cut-off Vce = 1200 V 2 mA 
Current (Vee = 0) VceE=700V_ T,= 125 °C 10 mA 
Icev # |Collector Cut-off Voce = 1200 V 2 mA 
Current (VBE = -2 V) 
Bs tad ol Kad 
(Ic = 
VcE(sat)* eae Emitter Ic =30A Ip=1.5A 
Saturation Voltage 
VeeE(saty* |Base-Emitter lc =30A Ip=1.5A 2 2.8 V 
Saturation Voltage 
hre* DC Current Gain Ic=30A VceE=2.5V 20 
loc=30A VceE=5V 80 100 


INDUCTIVE LOAD Vec = 50V Ic =30A 
ts Storage Time Ip1 = 1.5A VBE\(oft)= -9 V 3 6 us 
tt Fall Time Vetamp = 300 VT, < 125°C, 0.45 0.8 Us 
oe test circuits) 


Diode Reverse lr = 30A_ di/dt = 100 fe se8 0.2 
Recovery Time 


~ Pulsed: Pulse duration = 300 us, duty cycle 15% 
# See test circuits in databook introduction 


Safe Operating Areas Thermal Impedance 
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Derating Curves 
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Output Characteristics 
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Typical Vr Versus IF Switching Times Inductive Load 
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NPN DARLINGTON POWER MODULE 


» POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rin JUNCTION TO CASE 

» FREEWHELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 
» HIGH POWER SMPS AND UPS 


TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 
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THERMAL DATA 


Rthy-case | Thermal Resistance Junction-case Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 
Rthc-h | Thermal Resistance Case-heatsink With Conductive 


Grease Applied Max 


Rpe2 = 100 Q) 


Ices # |Collector Cut- Vce = 850 V 2 mA 
Current (Vee = Vce=450V T,= 125°C 10 mA 
Icev # |Collector Cut-off Vce = 850 V 
Current (Vee = -2 V) 
‘ier Cut-off Current |Vep =5 V 
(Ic = 
VceE(sat)* Pca Emitter Ilc=50A Ip=2A 
Saturation Voltage 
VBE(sat)* |Base-Emitter Ilc=50A Ip=2A 2.2 3 V 
Saturation Voltage 
hFe* DC Current Gain lc=50A VoeE=5V 80 150 
Ic =50A VceE=2.5 V 25 


INDUCTIVE LOAD Vec=50V Ic=50A 


: Storage Time Ip, =2A VBE(off)= -5 V 
Fall Time T);<$ 125°C (see test circuits) 


a Diode Forward Voltage |lr = 50A 


Diode Reverse lp =50A_ di/dt = 100 A/us 
Recovery Time 


« Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
# See test circuits in databook introduction 


Safe Operating Areas Thermal Impedance 
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Derating Curve Output Characteristics 
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Typical Vr Versus Ir Switching Times Inductive Load 
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NPN DARLINGTON POWER MODULE 


a» POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rth JUNCTION TO CASE 

» FREEWHELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 
» HIGH POWER SMPS AND UPS 


TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 
Rthe-h | Thermal Resistance Case-heatsink With Conductive 


Grease Applied Max 


Typ. 
2 mA 
10 mA 
Ices # |Collector Cut- a Voce = 1200 V mA 
Current (Vee = Vce= 800V T,=125°C mA 
Icev # Collector Cut-off Vce = 1200 V 
Current (Vee = -2 V) 
ico Cut-off Current |Vegp =5 V 
(Ic = 
VCE(sat)* ree Emitter Ic=50A Ip=2.5A 
Saturation Voltage 
VeE(sat)* |Base-Emitter Ilc=50A Ip=2.5A 3.5 V 
Saturation Voltage 
hre* DC Current Gain Ic =50A Vce=3V 20 
Ic =50A Vce=5V 70 
INDUCTIVE LOAD Vec=50V Ic=50A 
_ us 
am 


Storage Time Ip15 = 2.5 A Vee(otty= -5 V 
Fall Time T,< 125°C (see test circuits) 
Diode Reverse le =50A_ di/dt = 100 A/us 
Recovery Time 

«x Pulsed: Pulse duration = 300 us, duty cycle 1.5% 

# See test circuits in databook introduction 


Safe Operating Areas Thermal Impedance 
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Derating Curve 
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Output Characteristics 
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Typical Ve Versus IF Switching Times Inductive Load 
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Switching Times Inductive Load Versus RBSOA Test Circuit 
Temperature 
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NPN DARLINGTON POWER MODULE 


» POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rth JUNCTION TO CASE 

» FREEWHELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
a MOTOR CONTROL 
» HIGH POWER SMPS AND UPS 


TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 


Ices # Collector Cut-off Voce = 1200 V : mA 
Current (Vee = 0) Vce=700V T,= 125°C mA 
Icev # Collector Cut-off Vce = 1200 V 
Current (Vpe = -2 V) 
lEBo ieee Cut-off Current |Vep =5 V 
(Ic = 
VcE(sat)* ne Emitter Ic=60A Ip=2A 
Saturation Voltage 
VeE(sat)y* |Base-Emitter Ic =60A Ip=2A 3.5 V 
Saturation Voltage 
hre* DC Current Gain Ic=60A Vce=3V 
Ic =60A VcoceE=5V 


INDUCTIVE LOAD Vec = 50 V lc =60A 
: Storage Time Ip1 = 2A VeE(ott)= -5 V 
Fall Time T,< 125°C = (see test circuits) 


=a Diode Forward Voltage |IF = 60A 


trr Diode Reverse Ir =60A_ di/dt = 100 A/us 
Recovery Time 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
# See test circuits 1n databook introduction 
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Derating Curve 
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Output Characteristics 
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Typical Vr Versus IF Switching Times Inductive Load 
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NPN DARLINGTON POWER MODULE 


» POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rth JUNCTION TO CASE 

» FREEWHELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 
» HIGH POWER SMPS AND UPS 
a» HIGH POWER DC/DC AND DC/AC CON- 
VERTERS 
TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 


$C04530 


ABSOLUTE MAXIMUM RATINGS 


[symbol[—~‘Parameter—SSS~sSC~“*‘“‘~*~S dW ~SSSSS~«*d*C 
Collector-Emitter Voltage (Ve = -2V) 
[tc [Collector Curent ss SSSCS~=<“—~sS*~*—s—sSC“‘(S!(OOC~CS CA 
| -lc [Reverse Collector Current | BA 
[te [Base Curent SSOSC~“—~sS~“—s~‘—‘—SSC“‘S;S CC 
[Pit [Total Dissipation at T= 28°C SC~SC“‘“‘CSSCCCO#(#SOOCOC~C~*~“‘(;]SU WW 


Insulation Withstand Voltage (AC-RMS) 
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THERMAL DATA 


Rthy-case | Thermal Resistance Junction-case Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 
Rthc-h | Thermal Resistance Case-heatsink With Conductive 


Grease Applied Max 


= 2 mA 
10 mA 
Ices # |Collector Cut-off Vce = 300 V mA 
Current (Vee = 0) Vce=250V T,= 125°C ic mA 
Icev # |Collector Cut-off Vce = 300 V 
Current (Vpe = -2 V) 
reeset oe 
(Ic = 
VceE\(sat)* ee Emitter lc =80A 
Saturation Voltage 
VeBE(sat)* |Base-Emitter Ic =80A = o 
Saturation Voltage 
hre* DC Current Gain lc =80A VoeE=2V 80 
lc=80A VceE=5V 500 1000 
INDUCTIVE LOAD Vec=50V Ic=80A 
Storage Time Ip1 = 1A Vee = -5 V 1.85 us 
Fall Time T,< 125°C (see test circuits) 0.3 ns 


[ve foe Fowvatips fe=eea ts Pa fv 


trr Diode Reverse Ir =80A_ di/dt = 100 A/us 0.2 ; 
Recovery Time 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
# See test circuits in databook introduction 


Safe Operating Areas Thermal Impedance 
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Derating Curve Output Characteristics 
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Typical Ve Versus Ir 
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Switching Times Inductive Load 
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171 SGS-THOMSON 
7 WCROELECTROMICS SGS100DA020D 


NPN DARLINGTON POWER MODULE 


POWER MODULE WITH INTERNAL ISOLA- 
TION (2500V RMS) 

2 LOW Rth JUNCTION TO CASE 

« FREEWHELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 
a HIGH POWER SMPS AND UPS 
» HIGH POWER DC/DC AND DC/AC CON- 
VERTERS 
TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 


$C04530 


ABSOLUTE MAXIMUM RATINGS 


|Symbol| Parameter | ate | 
Collector-Emitter Voltage (Ip = 0) 
| lc [Collector Current | OC “CT A 
[=e [Reverse Collector Current. —=—S~—~—tSSSSSCSCSC~sOSSCSC“‘CONC#‘CAN’C 
[is |pase rent gs a 
T=icsu [Collector Surge Curent ——SsSSC~C~—SSSSCSCSC~OSCSC*C“‘CONSC*CCACC 
[Prot [Total DissipationatTe=25°C | 8H | 
[1 — [es Operating incon Temperaure [asf 
[Vise [Insulation Withstand Voltage (AC-RMS) «| ——SS~tSSSSSCSCSC~iSC CS 
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THERMAL DATA 


Rthj)-case | Thermal Resistance Junction-case 
Rthj-case | Thermal Resistance Junction-case (diode) Max 
Rthc-h |Thermal Resistance Case-heatsink With Conductive 


Grease Applied Max 


Collector Cut-off 
Current (Ree: = 3.3kQ |Vce=200V TT, = 125°C 
Ree2 = 100 Q) 


Ices # |Collector Cut-off Vce = 300 V = mA 
Current (Vee = 0) Vce=200V T,=125°C mA 
Icev # |Collector Cut-off Vce = 300 V 
Current (Vpe = -2 V) 
leso # {Emitter Cut-off Current |Vep = 7 V ete 
(Ic = 0) 
VceE(saty* | Collector-Emitter lo=100A Ip=i1A 1.4 2 V 
Saturation Voltage 
aad ls I Hd Re 
Saturation Voltage 
hFE* DC Current Gain Ic =100A VcoE=H2V 100 
Ic=100A VcoeE=5V 500 850 


INDUCTIVE LOAD Vcc = 50V Ic = 100A 
ts Storage Time Ip1=1A VBE(off)= -9 V 1.5 4 Us 
tt Fall Time ea = 150V T; < 125 sd @) 0.3 0.6 Us 
(see test circuits) 


IcER # 


Diode Forward Voltage |IlF = 100A 


Diode Reverse Ir = 100A di/dt = 100 A/us 
Recovery Time 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
# See test circuits in databook introduction 


Safe Operating Areas Thermal Impedance 
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Derating Curves 
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Output Characteristics 
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Typical Vr Versus IF 
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Switching Times Inductive Load Versus 
Temperature 
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Switching Times Inductive Load 


GC13750 
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tp adjusted for nominal Ic; Ic/Ip= 100 
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NPN DARLINGTON POWER MODULE 


» POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rth JUNCTION TO CASE 

« FREEWHELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 
a HIGH POWER SMPS AND UPS 
» HIGH POWER DC/DC AND DC/AC CON- 
VERTERS 
TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


[symbol| Parameter ——=S=~=~“‘*‘“*~diSCS*C“‘S~*‘adWW®™~~™~™~~S~™ Cnt 
Collector-Emitter Voltage (lp = 0) 
| lc [Collector Current tA 
[= 1g [Reverse Collector Gurrent’ —=SC~=~—~—“‘iSSSCSC~—iSSCSCSC~“‘“*~dCCS 
[te [base Curent 
[= iesw [Collector Surge Current’ ~——S~C~“~*~“‘“sCSC“~*‘“‘~‘SOSC“‘CN’SC#*UCNC 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 


ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 


[Symbol [Parameter | Test Conditions | win. | Typ. [ wax | Unit 


IceR # |Collector Cut-off 2 mA 
Current (Regi = 3.3 kQ |Vce=200V TT, = 125°C 10 mA 
Reee = 100 Q) 
Ices # |Collector Cut-off Vce = 300 V 2 mA 
Current (Vee = 0) Vce=200V T,= 125°C 10 mA 
Icev # |Collector Cut-off Vce = 300 V 2 mA 
Current (Vee = -2 V) 
leso # | Emitter Cut-off Current |Ves = 5 V Ce 
(Ic = 0) 
VceE(saty* |Collector-Emitter lo=150A Ip=2A 
Saturation Voltage 
VBE(sat)* |Base-Emitter lc=150A Ip=2A 
Saturation Voltage 
hre* DC Current Gain Ilc=150A VoeE=2V 75 
Ic=150A VceE=5V 500 
INDUCTIVE LOAD Voc = 50 V Ic = 150A 
t Storage Time Ipi=2A VBE(off)= -5 V 
t Fall Time T,< 125°C (see test circuits) 
Diode Forward Voltage |Ir = 150 A eee: 
| —_ 


Ss 

f 

F 

tr Diode Reverse lr = 150A di/dt = 100 A/us 
Recovery Time 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
# See test circuits in databook introduction 


Safe Operating Areas Thermal Impedance 
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Derating Curve 
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Output Characteristics 
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Typical Ve Versus IF 
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NPN DARLINGTON POWER MODULE 


a POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rih JUNCTION TO CASE 

a FREEWHELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 
» HIGH POWER SMPS AND UPS 
» HIGH POWER DC/DC AND DC/AC 
CONVENTERS 
TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 


S$C04530 


ABSOLUTE MAXIMUM RATINGS 


‘symbot| _——~—~Parameter——==S=S~*~“‘“dtS*“‘*COC™#(™Wai®™=™~*~™~~*d* (Unit | 


Tis [Base Cure SSCSC~<“~*‘“~*S*“‘“CSC“‘CNC‘OSSCSCS*C“‘*‘“*S*rOASS 
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THERMAL DATA 


Rthj)-case | Thermal Resistance Junction-case Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
Symbol 


IcER # 


Max. | Unit | 
mA 
mA 


2 

10 

Ices # |Collector Cut-off Vce = 200 V 2 

Current (Vee = 0) Vce=130V T,= 125°C 0 

2 

2.5 

VBE(sat)* |Base-Emitter Ic=250A Ip=3.3A oD 

Saturation Voltage 

hre* DC Current Gain Ic =250A VoeE=2.5V 
Ic =250A VceE=5V 100 


Collector Cut-off 
mA 
1 mA 
Icev # Collector Cut-off Voce = 200 V 
Current (Vee = -2 V) 
lee ¥ 
INDUCTIVE LOAD Vec=50V Ic=250A 
6 
1 
me ae eS 


= 


Rpe2 = 100 Q) 

VceE(saty* |Collector-Emitter Ic =250A [p=3.3A 
Saturation Voltage 
Fall Time T,< 125°C (see test circuits) 


-v- 
on 


Diode Forward Voltage |Ir = 250A 


Diode Reverse Ir = 250A di/dt = 100 A/us 
Recovery Time 


x Pulsed. Pulse duration = 300 us, duty cycle 1.5 % 
# See test circuits in databook introduction 


tt 
VF 
trr 


Current (Ree1 = 3.3kQ |Vce=130V T, = 125°C 
lEBo Emitter Cut-off Current |Vep = 5 V 
(Ic = 0) 
Storage Time Ip1 =3.3A  Veeotn= -5 V Us 
Us 


Safe Operating Areas Thermal Impedance 
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Typical Ve Versus IF 
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MICROELECTRONICS SGS25DB070D 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (quarter bridge) Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
Symbol Test Conditions 
IcES Collector Cut-off Vce = 1000 V 
Current (Vee = 0) Vce=700V T,= 125°C 
ICEV Collector Cut-off Vce = 1000 V 
Current (Ve = -2 V) VceE=700V T,= 125°C 
(Ic = 
VcE(sat)* ae Emitter Ilo=25A Ip=2.5A 
Saturation Voltage 
VeEe(sat)* |Base-Emitter Ic=25A Ip=2.5A 
Saturation Voltage 
hre* DC Current Gain Ic =25A VoeE=3 V 
Ilc=25A VcoeE=5V 
INDUCTIVE LOAD Vec= 300V Ic =25A 
Storage Time Ip1 = 2.5A Mae =-5V 
; Fall Time T,<125°C = (see test circuits) 


Diode Reverse Ir =25A_ di/dt = 100 A/us 
Recovery Time 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 


— ok 
oo 


Safe Operating Areas Thermal Impedance 


GC13180 6C13070 

Io ( 2) === ae a <== ===: 3 K Fa Se 
Se it 
ae el Ge 2 Cty AQ LS Hy 
Ee ie 0 MSHI 


| 
DS Bee | ECAH HEH 
So 10° rea maa 
I [eae 6 = 0.9 etl 
=a BSS =H Poeneallee 


a all 


* For single non |_| 
of——_—s repetitive pulse 
=a Er 


Fr atil 


$ eee 1 0 a —— Lh PSS CH 
10% eG sell east 
== 1 
: f—|  Te=25°C ee Il Tr CLT 
io? LL al LEA CUE LUI 
4 6 & 2 4 
10° 10 FO: Vee (V) 1O-” “40° 405% “fOS" 40 “4x(s) 
2/4 
ITI SGS-THOMSON 
f | MICROELECTRONICS 


498 
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Output Characteristics 
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Typical Ve Versus Ir 
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POWER MODULE WITH INTERNAL ISOLA- 
TION (2500V RMS) 

a LOW Rth JUNCTION TO CASE 

a» FREEWHEELING DIODE 

a» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
s MOTOR CONTROL 
» HIGH POWER SMPS AND UPS 
» HIGH POWER DC/DC AND DC/AC CON- 
VERTERS 
TRANSPACK (TO-240) 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (quarter bridge) Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 
Rthc-h | Thermal Resistance Case-heatsink With Conductive 


Grease Applied 


IcES Collector Cut-off Vce = 1200 V 
Current (Vee = 0) Vc—E=800V_ T,= 125°C 
IcEX Collector Cut-off Vce = 1200 V 
Current (Vpe = -2 V) Vce=800V T,= 125°C 
(Ic = 


VcE(sat)* ee Emitter Ic=25A Ip=2.5A 
Saturation Voltage 
VBE(sat)* |Base-Emitter Ic=25A Ip=2.5A 
Saturation Voltage 
hre* DC Current Gain lc=25A VoeE=3V i: 
Ic=25A Vce=a5V 
INDUCTIVE LOAD Vec=300V Ic=25A 
ts Storage Time Ip1 =2.5 A  Vee(otty= -5 V 2.4 us 
tt Fall Time T,<125°C (see test circuits) 0.66 us 
Diode Forward Voltage |Ir = 25 A erate) 


trr Diode Reverse Ir =25A_ di/dt = 100 A/us 0.2 0.5 Us 
Recovery Time 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
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Derating Curves 
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Typical Vr Versus IF 
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» POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rin JUNCTION TO CASE 

» FREEWHELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 
« HIGH POWER SMPS AND UPS 
» HIGH POWER DC/DC AND DC/AC 
CONVENTERS 
TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 
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R, typ 80 Ohm R> lyp 150 Ohm 
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ABSOLUTE MAXIMUM RATINGS 


[Symbol] _——~—=sParameter—=—S«|SSSSS*~*~ at SSSSSS~«*d;C 
| Vero |Collector-Emitter Voltage (la=0) | a | 
[ Voes |Collector-Emitter Voltage (Vee=0) S| SSC~C~OSC“‘CONSNCN#*CSOVSC*W 
Collector-Emitter Voltage oes aT Po 0—ees—(ies—‘“‘<‘iw 
500 ae 
Veso|Emitter-Base Voltage (lo=0) ——S~iPSSSSCSSSC*dC 
Plc [GollectorCurent, ——SSSC~=~“—~dSC“‘(S(OOTOCiSCAC 
IR 0 (a 
| -lesm |Gollector Surge Current | 8D 
[Pix [Total Dissipation atTe=25°O S| SCSC~“~*—sTISCSSSSSC*dSC 
1 ies. opesingsneton Temparaiee [a 
| Viso__|Insulation Withstand Voltage (AC-RMS) | 500, 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (quarte bridge) Max 
Rthy-case | Thermal Resistance Junction-case (diode) Max 
Rthc-h |Thermal Resistance Case-heatsink With Conductive 


Grease Applied 


IcES Collector Cut-off Vce = 500 V mA 
Current (Vee = 0) VceE=400V T,= 125°C 3 i 
Icev Collector Cut-off Vce = 500 V 2 
Current (Vpe = -2 V) VceE=400V T,=125 "Cc 10 
Emitter Cut-off Current |Veg = 2 V 
(Ic = 0) 
VceE(sat)* |Collector-Emitter Ilc=30A Ip=2A 1.5 3 V 
Saturation Voltage Ilc=40A Ip=4A 1.9 2.5 
VeBE(sat)* |Base-Emitter Ilc=40A Ip=4A 2.6 3.3 V 
Saturation Voltage 
hre* DC Current Gain Ilc=30A VoeE=5V 40 50 
Ic=40A VceE=3V 16 
INDUCTIVE LOAD Vec=50V Ic=30A 
ts Storage Time Ip1 = 2A VBE(off)= -5 V 1.3 3 Us 
tt Fall Time T,< 125°C (see test circuits) 0.2 0.7 te 
| Ve [Diode [Diode Forward Voltage _ [Diode Forward Voltage _ Ir = 30 Ir=30A es ee 


[Pees Reverse lr =30A_ di/dt = 100 A/us 0.2 
Recovery Time 


* Pulsed: Pulse duration = 300 pus, duty cycle 1.5 % 


Safe Operating Areas Thermal Impedance 
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Derating Curve Output Characteristics 
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Typical VF Versus IF 
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Switching Times Inductive Load 
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APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
a» MOTOR CONTROL 
» HIGH POWER SMPS AND UPS 
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INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


[Symbot | —~Parameter Vaud 
["Vess | Collector-Emitier Voltage (Vee= 0) —~—SdYSSSCSCSCSC~—ROSSSSSSCSCi 
| Vcev |Collector-Emitter Voltage (Vae=-2v) | 0 
Weso[Collector-Base Voltage (le=0) S| gd 
__le [Base Current 
Total Dissipation at Tc = 25 °C 375 
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THERMAL DATA 


Rth)-case | Thermal Resistance Junction-case (quarter bridge) Max 
Rthy-case | Thermal Resistance Junction-case (diode) Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
IcES Collector Cut-off Vce = 600 V 2 mA 
Current (Vee = 0) Vce=450V T,= 125°C 10 mA 
IcEV Collector Cut-off Voce = 600 V mA 
Current (Vee = -2 V) Voce =450V T,= 125°C ie mA 
a a 
(Ic = 
VcE(sat)* Ee Emitter Ic=30A Ip=2A 
Saturation Voltage Ilc=40A lp=4A 
VBE(sat)* |Base-Emitter Ilc=40A Ip=4A 
Saturation Voltage 
NrEe* DC Current Gain Ic =30A VcoeE=5V 50 
Ilc=40A VcoeE=3 V 
ts ; 
tt 


INDUCTIVE LOAD Voc =50V Ic=30A 
Storage Time Ip1i =2A VBE(off)= -5 V 
Fall Time T,< 125°C (see test circuits) 


| Ve [Diode Diode Forward Voltage | Diode Forward Voltage | IF =30A 


ta Reverse le =30A_ di/dt = 100 A/us 
Recovery Time 


* Pulsed: Pulse duration = 300 ps, duty cycle 1.5 % 


Safe Operating Areas Thermal Impedance 
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Derating Curve 
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Output Characteristics 
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Typical Ve Versus IF Switching Times Inductive Load 
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POWER MODULE 


» POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rin JUNCTION TO CASE 

» FREEWHEELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
a» MOTOR CONTROL 
a» HIGH POWER SMPS AND UPS 
» HIGH POWER DC/DC AND DC/AC CON- 
VERTERS 
TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


|Symbol | Parameter | Value nit | 
700 v 

[te Base Curent 0 
| -lcsm [Collector Surge Current | 85D | A 
Total Dissipation at Tc = 25 °C 400 Pow | 
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THERMAL DATA 


Rthy-case | Thermal Resistance Junction-case (quarter bridge) Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 
Rthce-h | Thermal Resistance Case-heatsink With Conductive 


Grease Applied Max 


IcES Collector ao Voce = 1000 V 2 mA 
Current (Vee = Vce=700V T,=125°C 10 mA 
IcEV Collector Cut- = Voce = 1000 V mA 
Current (Vpe = -2 V) Vce=700V T,= 125°C ic mA 


VcE(sat)* eee Emitter Ic=35A Ip=3.5A 
Saturation Voltage 
VeE(sat)* |Base-Emitter Ic=35A Ip=3.5A 2.1 3.5 V 
Saturation Voltage 
hre* DC Current Gain Ilc=35A Vce=3V 10 
Ic =35A Vcoe=5V 15 = 3] 
INDUCTIVE LOAD Vec=300V Ic=35A 
ts Storage Time Ipi = 3.5 A  Veeotty= -5 V 3.2 5 LS 
tt Fall Time T,<125°C (see test circuits) 0.9 1.5 “ 


[ve [Dinero Vata waa Pra fa fv 


Diode Reverse IF =35A_ di/dt = 100 A/us 0.3 
Recovery Time 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5% 


Safe Operating Areas Thermal Impedance 
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Output Characteristics 
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POWER MODULE 


» POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rth JUNCTION TO CASE 

a» FREEWHELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
a» MOTOR CONTROL 
» HIGH POWER SMPS AND UPS 
» HIGH POWER DC/DC AND DC/AC CON- 
VERTERS 
TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 


1 


6 4 
Ry typ 80 Ohm Rz typ 150 Ohm 
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ABSOLUTE MAXIMUM RATINGS 


-Emi (Vee = -2V) 
) 


unit 


Base Current 
Total Dissipation at Tc = 25 °C 


April 1990 1/4 


BeN 
(2) 
io) 


SGS35DB080D 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (quarter bridge) Max 

Rthj-case | Thermal Resistance Junction-case (diode) Max 

Rthc-h | Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 


Ices Collector a) Vce = 1200 V 2 mA 
Current (Vee = Vce=800V Tj = 125°C 10 mA 
ICEV Collector Cut- a Voce = 1200 V mA 
Current (Vee = -2 V) Vce=800V Tj = 125°C 7 mA 
(Ic = 
VcE(sat)* ae Emitter Ilc=35A Ip=3.5A 1.7 3 V 
Saturation Voltage 
Vee(saty* |Base-Emitter lc=35A Ip=3.5A 2.1 3.5 V 
Saturation Voltage 
Nre* DC Current Gain lc=S35A VeoeE=H3V 10 
lc=35A VeeE=5V 15 35 
INDUCTIVE LOAD Vec=300V Ic=35A 


: Storage Time Ip1 = 3.5 A Vee(oHy= -5 V 
Fall Time T,< 125°C (see test circuits) 


= Diode Forward Voltage {Ilr = 35A i 


trr Diode Reverse le =35A_ di/dt = 100 A/us 
Recovery Time 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 


Safe Operating Areas Thermal Impedance 
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Typical Vr Versus IF Switching Times Inductive Load 
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HALF BRIDGE NPN DARLINGTON 
POWER MODULE 


» POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rth JUNCTION TO CASE 

a» FREEWHEELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 
a» HIGH POWER SMPS AND UPS 
» HIGH POWER DC/DC AND DC/AC CON- 
VERTERS 
TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 


R, typ 80 Ohm Ro lyp 150 Ohm 


scc4340 


ABSOLUTE MAXIMUM RATINGS 


unit 
500 
[te |BaseCuren SSC“‘;7CS; Sidi;Ci(iti‘<CStCd 
aos 
[Pin [Total Dissipation at To=25° SOSC~C~‘—CSC“‘“‘*S*~tSCSCSC“‘“‘“‘C;:SOW~ 

| Ve 


Insulation Withstand Voltage (AC-RMS) 
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THERMAL DATA 


Rth)-case | Thermal Resistance Junction-case (quarter bridge) Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 
Rthe-h Thermal Resistance Case-heatsink With Conductive 

Grease Applied 


Ices Collector Cut- ay Voce = 500 V ca 
Current (Vee = VceE=400V Tj, = 125°C i. mA 
IcEX Collector Cut- a Vce = 500 V mA 
Current (Vee = -2 V) VceE=400V Tj) = 125°C if mA 
AR le al 
(Ic = 
VcE(sat)* ee Emitter lc=50A Ip=5A 
Saturation Voltage 
Vee(sat)y* |Base-Emitter lc=50A Ip=5A 
Saturation Voltage 
Nre* DC Current Gain Ic=50A Vce=5V 70 130 
Ic=50A VcoeE=3V 10 
INDUCTIVE LOAD Vec=300V Ic=50A 
: Storage Time Ip1=4A VBE(off)= -5 V 15 s Us 
Fall Time His < 125 °C (see test circuits) 0.4 al 


Diode Reverse lr =50A_ di/dt = 100 A/us 0.2 
Recovery Time 


‘* Pulsed: Pulse duration = 300 ps, duty cycle 1.5% 


Safe Operating Areas Thermal Impedance 
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Derating Curves Output Characteristics 
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Typical Ve Versus IF 
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HALF BRIDGE NPN DARLINGTON 
POWER MODULE 


» POWER MODULE WITH INTERNAL ISOLA- 

TION (2500V RMS) 

LOW Rth JUNCTION TO CASE 

a FREEWHELING DIODE 

» ADAPTED FOR HIGH POWER SWITCHING 
APPLICATIONS 


INDUSTRIAL APPLICATIONS: 
» MOTOR CONTROL 
« HIGH POWER SMPS AND UPS 
» HIGH POWER DC/DC AND DC/AC CON- 
VERTERS 
TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 


1 


6 4 
R,; typ 80 Ohm Ry lyp 150 Ohm 


sccasa0 


ABSOLUTE MAXIMUM RATINGS 


[Veco [Collector-Emitter Voltage (la= 0) SSSCiS 
Voss [Collector-Emitter Voltage (Vee= 0) Sd SO 
( nye 
) 
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| _-lc Reverse Collector Current, | 
[te [Base Current. 
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Insulation Withstand Voltage (AC-RMS) 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case (quarter bridge) Max 
Rthj-case | Thermal Resistance Junction-case (diode) Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied Max 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 


IcES Collector Cut-off Vce = 600 V 2 mA 
Current (VBE = 0) VceE=450V T,=125°C 10 mA 
IcEV Collector Cut-off Vce = 600 V mA 
Current (Vge = -2 V) Vc—E=450V T,= 125°C if mA 
SA tei a OO 
(Ic = 
VcE(sat)* ee Emitter Ic=50A Ip=5A 
Saturation Voltage 
VBE(sat)* |Base-Emitter Ic=50A Ip=5A 2.3 3.3 V 
Saturation Voltage 
hre* DC Current Gain Ic =50A VceE=5V 70 130 
Ic=50A VcoeE=3 V 10 


INDUCTIVE LOAD Vec=250 V Ic=50A 
Storage Time Ipi = 4A VBE(off)= -5 V 
Fall Time a <125°C (see test circuits) 


~« Pulsed: Pulse duration = 300 ps, duty cycle 1.5 % 


Safe Operating Areas Thermal Impedance 
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Derating Curves Output Characteristics 
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N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


[wee | vos | Rosey | 


HIGH CURRENT POWER MODULE 

VERY LOW Rth JUNCTION TO CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 


ST] 


INDUSTRIAL APPLICATIONS: 
a DC/DC AND DC/AC CONVENTERS 
=» SMPS & UPS 


TRANSPA TO-240A 
» MOTOR CONTROL Paaees ) 


INTERNAL SCHEMATIC DIAGRAM 
1 a 3 
6 
§294720 | Z 


ABSOLUTE MAXIMUM RATINGS 


Drain-Source Voltage (Ves = 0) 100 | V 
A 


| Ib | Drain Current (continuous) at T. = 25 °C 145 
. : ee ee we ee 
a Drain Current (continuous) at T. = 100 °C 90 Acs 


eee oe ee on ert ere | 
Drain Current (pulsed) 500 A 


| Prot | Total Dissipation at Tc = 25 °C —— a 500 | W | 
a Derating Factor 40 | w/°S | 
T, Max. Operating Junction Temperature 150 °C 
Viso _|Insulation Withstand Voltage (AC) | 2500 Vv 
(e) Pulse width limited by safe operating area 
September 1990 1/5 


IRFK4H150 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case 
Rthe-h |Thermal Resistance Case-heatsink 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Viprypss_ |Drain-Source lIb=imA Ves=0 100 V 
Breakdown Voltage 
Zero Gate Voltage Vos = Max Rating 1 mA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Tc = 125 °C 4 mA 
lass Gate-Body Leakage Ves=t20V + 400 nA 
Current (Vps = 0) 
ON (#) 


[Symbol | Parameter | Test Conditions ‘| Min. | Typ. | Max | Unit 
Vesey [Gate Threshold Votage|Vos=Ves lo-tma «i 2 | | a 


oo Static Drain-Source Ves=10V Ip=80A 0.014 Q 
On Resistance 


DYNAMIC 
[Symbol | Parameter [Test Conditions| Min. | Typ. | Max | Unit 


Forward Vos > Ip(on) X Rpsion)max Ip = 80A 36 mho 
Transconductance 
nF 


Ciss Input Capacitance Vos=25V f=1MHz Ves=0 12 
Output Capacitance 6 
Reverse Transfer 2 
Capacitance 


SWITCHING 


Symbol [Parameter [test Gonations [in [Ts x | Unit 


Turn-on Time Vpp = 24 V Ip =50A 

Rise Time Res = 3.3 Q Ves=10V 
Turn-off Delay Time 
Fall Time 


Source-Drain Current 
Source-Drain Current 
a ee 


| Vsp {Forward On Voltage __ On Forward On Voltage Isp = 160 A Ves = 


Reverse Recovery Isp = 160 A_ di/dt = 100 A/us 
Time 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
: Pulse width limited by safe operating area 
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Gate Charge vs Gate-source Voltage 


Static Drain-Source On Resistance 
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Normalized Gate Threshold Voltage vs 
Normalized On Resistance vs Temperature 


Temperature 


MICROELECTRONICS 


ky SGS-THOMSON 


‘\ 
) 
= 
@ 
o 


40  Vps(V) 
GC 


20 


10 


Normalized Breakdown Voltage vs 
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Temperature 
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Source-Drain Diode Forward Characteristics 
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N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


[_a¥PE [Voss | Rosen [lo 


HIGH CURRENT POWER MOS MODULE 
VERY LOW Rth JUNCTION TO CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 

a» ISOLATED CASE (2500V RMS) 


INDUSTRIAL APPLICATIONS: 

» DC/DC & DC/AC CONVERTERS 
a SMPS & UPS 

» MOTOR CONTROL 


TRANSPACK (TO-240A) 


INTERNAL SCHEMATIC DIAGRAM 


1 i | 3 
6 
$004720 | Z 


ABSOLUTE MAXIMUM RATINGS 


‘Symbol ——~Parameter—=—=S*~*~*~dtCSC*‘“‘S*‘WW®™S~S™~™~*dC 
“Ves |Gate-Source Voltage SSSSCSC~sCSC“‘“‘“‘SCSSSCSCSC*dtC 
a Drain Current (continuous) at Tc. = 25 °C 08 
lp | Drain Current (continuous) at Tc = 100 °C a ee ee 
Toute) [Drain Current pulsed) —SSSS~*idSC“‘é‘S™C§’O#C*#*d;S«AC~CS 
| Prot _ [Total Dissipation at Te = 25 °C 
Iperating Factor —SSCSC=<“~*“‘*dSC“‘C™SCSC*SSOC*C*~*~*~*‘sr we | 


(e) Pulse width limited by safe operating area 


Fs 
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THERMAL DATA 


Rthy-case | Thermal Resistance Junction-case 


Rthe-h Thermal Resistance Case-heatsink 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Vipryoss_ |Drain-Source lpb=1mA Ves=0 200 V 
Breakdown Voltage 
loss Zero Gate Voltage Vos = Max Rating } mA 
Drain Current (Ves = 0) |Vps = Max Rating x 0.8 Tc = 125 °C mA 
lass Gate-Body eae Ves=+20V 
Current (Vos = 
ON (#) 


Symbol [Parameter [Test Conditions| Win. | Typ. | Max. | Unit 
[Yes [Gate Teste votage Vos=ves To=tma |e [| «fv 


=e (on) Static Drain-Source Vas=10V Ip=64A 
On Resistance 


DYNAMIC 


Forward Vos > Ip(on) X Rosion)max In =64A 36 mho 
Transconductance 
nF 


Ciss Input Capacitance Vps=25V f=1MHz Ves=0 
Output Capacitance 
Reverse Transfer 

Capacitance 


SWITCHING 


Turn-on Time Vop = 95 V ID =40A 
Rise Time Res=3.3Q Ves=10V 
Turn-off Delay Time 

Fall Time 


Total Gate Charge 


Source-Drain Current 
Source-Drain Current 
(pulsed) 


Forward On Voltage Isp = 120A Ves = 


Reverse Recovery Isp = 120A di/dt = 100 A/us 
Time 


(*) Pulsed’ Pulse duration = 300 us, duty cycle 1.5 % 
(*e) Pulse width limited by safe operating area 
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N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


[wee | Voss | Rosen [te 


HIGH CURRENT POWER MOS MODULE 
VERY LOW Rin JUNCTION CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 

» ISOLATED CASE (2500V RMS) 


INDUSTRIAL APPLICATIONS: 
=» SMPS & UPS 

» MOTOR CONTROL 

a» WELDING EQUIPMENT 


TRANSPACK (TO-240A) 


INTERNAL SCHEMATIC DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


ie al Drain Current (continuous) at T. = 25 °C a Maan a a 
alee ed Drain Current (continuous) at Tc. = 100 °C a ae es 
Ftow(s) [Drain Current(puised) SS SS|SSCSC*~“~‘sOSC*C“‘“‘CN’SCNC#d”#;”CACW 
Pix [Total Dissipation at T= 25°C SSC~SC“‘“‘CS™CO#ODSC*C#*#*#*é‘C!W~*S 
[ Derating Factor SSSC*~=<“s*~*~‘“—*~‘~sSC“‘S™S™SCSSSCSCS™SCSCS*S™S*~ 


(e) Pulse width limited by safe operating area 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case 
Rthc-h | Thermal Resistance Case-heatsink 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


ViprR)pss_ |Drain-Source Ipb=1mA Ves= 
Breakdown Voltage 
loss Zero Gate Voltage Vos = Max Rating mA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Te = 125°C ; mA 
lass Gate-Body Leakage Ves=+20V + 400 nA 
Current (Vps = 0) 
ON (*) 


Gate Threshold Voltage |Vos = Ves_Ip = 1 mA es 


Rpsion) |Static Drain-Source Veas=10V Ip=28A 
On Resistance 


DYNAMIC 


Symbol Test Conditions 


Forward Vos > Ip(on) X Ros(on)max Ip = 28A 
Transconductance 


Input Capacitance Vos =25 V =1MHz Ves=0 
Output Capacitance 

Reverse Transfer 

Capacitance 


SWITCHING 


Turn-on Time Vpp=210 V ID=28A 
Rise Time Res = 3.3 Q Ves=10V 
Turn-off Delay Time 

Fall Time 


Source-Drain Current 
Source-Drain Current 
(pulsed) 


Forward On Voltage Isp =52A Ves= 


Reverse Recovery Isp = 52 A di/dt = 100 A/us 
Time 


(*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5 % 
(e) Pulse width limited by safe operating area 
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Safe Operating Areas Thermal Impedance 
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source Voltage 


Gate Charge vs Gate 


Static Drain-Source On Resistance 
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Normalized Gate Threshold Voltage vs 


Temperature 


Capacitance Variation 
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Normalized On Resistance vs Temperature 


Normalized Breakdown Voltage vs 
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Source-Drain Diode Forward Characteristics 


@ 


wo 


~t 


N 


Vsp(VI 


12 16 


08 


04 


0/5 


MICROELECTRONICS 


ky SGS-THOMSON 


545 


ky, SGS-THOMSON 
7 ixncroe.ectrowics IRFK6H150 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


ADVANCE DATA 


[aver | Voss | Rowen |e 


HIGH CURRENT POWER MODULE 

VERY LOW Rth JUNCTION TO CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 

a ISOLATED CASE (2500V RMS) 


INDUSTRIAL APPLICATIONS: 

» DC/DC AND DC/AC CONVENTERS 
» SMPS & UPS 

a MOTOR CONTROL 


TRANSPACK (TO-240A) 


INTERNAL SCHEMATIC DIAGRAM 


can i 
6 
$C04720 | 4 


ABSOLUTE MAXIMUM RATINGS 


‘Symboi[—~S~*«é rameter —=SSCS*~C*~dCSC*C“*‘“‘*~‘NW!SS«*dC 
Drain-Gate Voltage (Res = 20 kQ) 
lb Drain Current (continuous) at T. = 25 °C 
| ob | Drain Current (continuous) at T. = 100 °C 
low(e) |Drain Current (pulsed) Po BHC 


-—s 
a ae 
<7 aa 


665 
625 
Deraing Factor 


Viso Insulation Withstand Voltage (AC) 2500 


(e) Pulse width limited by safe operating area 
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IRFK6H150 


THERMAL DATA 


Rth)-case |Thermal Resistance Junction-case 
Rthc-h |Thermal Resistance Case-heatsink 


ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 
OFF 


Visrypss_ |Drain-Source a =15mA Ves= 
Breakdown Voltage 
loss Zero Gate Voltage Vos = Max Rating mA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 T, = 125 °C . mA 
lass Gate-Body Leakage Ves=+20V + 600 nA 
Current (Vps = 0) 


a ee a 
[Vase Gate Threshold Votage|Vos= Ves w= 15ma | 2 | | « | v_ 


ae Static Drain-Source Ves=10V Ip=120A 0.010 Q 
On Resistance 


DYNAMIC 


Forward Vos > Ip(on) X Ros(on)max Ip = 120 acim 
Transconductance 


Ciss Input Capacitance Vps=25V f=1MHz Ves= 
Output Capacitance 
Reverse Transfer 

Capacitance 


SWITCHING 


Turn-on Time 
Rise Time ° 
tala Turn-off Delay Time 


130 
400 
Fall Time 


ee cmige hag SESE} 


SOURCE DRAIN DIODE 


Vpp = 40 V Ip =120A 
Re =3.3Q9 Ves=10V 


Isp Source-Drain Current 
Isom(¢) |Source-Drain Current 
(pulsed) 


Vso Forward On Voltage Isp = 190A Ves = 


ter Reverse Recovery Isp = 190A di/dt = 100 A/us 
Time 


(*) Pulsed: Pulse duration = 300 us, duty cycle 15% 
(e) Pulse width limited by safe operating area 
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N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


[Wee | Voss | Rosey | 


HIGH CURRENT POWER MODULE 

VERY LOW Rth JUNCTION TO CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 

» ISOLATED CASE (2500V RMS) 


ADVANCE DATA 


INDUSTRIAL APPLICATIONS: 

» DC/DC AND DC/AC CONVENTERS 
a SMPS & UPS 

» MOTOR CONTROL 


TRANSPACK (TO-240A) 


INTERNAL SCHEMATIC DIAGRAM 


1 | ; | 
6 
$£04720 | 4 


ABSOLUTE MAXIMUM RATINGS 


Value | Unit 

200 

So ad 

Ipbm(e) |Drain Current (pulsed) 

Pia [Total Dissipation at To= 25°C S=S~—YSC“‘“‘CSC#‘#éSSS*S*~<“*‘“‘*‘“z;CSS*d 
(erating Factor —SSSCS*~<“—~*~*sSC“‘“CNSC#*NO#CWARO 

Max. Operating Junction Temperature 

Insulation Withstand Voltage (AC) 

(e) Pulse width limited by safe operating area 
September 1990 1/2 


949 
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THERMAL DATA 


Rthy-case | Thermal Resistance Junction-case 
Rthe-h {Thermal Resistance Case-heatsink 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Viprypss_ |Drain-Source Ip=1.5mA Ves=0 200 V 
Breakdown Voltage 
loss Zero Gate Voltage Vos = Max Rating 1.5 mA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Te = 125 °C 6 mA 
lass Gate-Body Leakage Ves=+20V + 600 nA 
Current (Vos = 0) 
ON (*) 


Gate Threshold Voltage|Vps = Vas In =1.5 mA | 2 | | 


te Static Drain-Source Ves=10V Ipb=90A = ae 
On Resistance 


DYNAMIC 


Forward Vos > Ip(on) X Ros(on)max Ip =90A 
Transconductance 


Ciss Input Capacitance Vops=25V f=1MHz Ves=0 
Output Capacitance 
Reverse Transfer 

Capacitance 


SWITCHING 


Turn-on Time Vpop = 95 V Ip=90A 
Rise Time Rg =3.32 Ves =10V 
Turn-off Delay Time 

Fall Time 


Isp Source-Drain Current 
Ispm(¢) |Source-Drain Current 
(pulsed) 


(+) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
(e) Pulse width limited by safe operating area 
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N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


HIGH CURRENT POWER MOS MODULE 
VERY LOW Rth JUNCTION CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 

» ISOLATED CASE (2500V RMS) 


ADVANCE DATA 


INDUSTRIAL APPLICATIONS: 

» DC/DC & DC/AC CONVERTERS 
a SMPS & UPS 

» MOTOR CONTROL 

a» WELDING EQUIPMENT 


TRANSPACK (TO-240A) 


INTERNAL SCHEMATIC DIAGRAM 


_— 


6 


$C04720 
£Z 


ABSOLUTE MAXIMUM RATINGS 


Ipbm(e) |Drain Current (pulsed) 260 
[Derating Factor SSSC~<“*~*é*~CSC‘“‘(‘“SCS™C#*SCW#C#*#*~*~*d;WWPG*S 


Insulation Withstand Voltage (AC-RMS) 2500 


(e) Pulse width limited by safe operating area 
September 1990 1/2 
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THERMAL DATA 


Rth)-case | Thermal Resistance Junction-case 
Rthe-h Thermal Resistance Case-heatsink 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


-Sympot | Paraneer [test conaons [win [1 [ wax. [unit 


Viprypss_ |Drain-Source Ip=1.5mA Ves= 
Breakdown Voltage 
Ipss Zero Gate Voltage Vos = Max Rating mA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 T. = 125°C mA 
lass Gate-Body aoe ie =+20V + 600 
Current (Vos = 


ON (*) 


Gate Threshold Voltage|Vps = Ves Ip = 1.5 mA 


Rpsion) |Static Drain-Source Veas=10V ID=48A = 05 
On Resistance 


DYNAMIC 


Forward Vos > Ip(on). X Rps(on)max Ip = 48A mho 
Transconductance 


Ciss Input Capacitance Vos=25V f=1MHz Ves=0 
Output Capacitance 
Reverse Transfer 

Capacitance 


SWITCHING 


Turn-on Time Vpp=180V Ip=48A 
Rise Time Re =3.32 Ves=10V 
Turn-off Delay Time 

Fall Time 


Source-Drain Current 
Source-Drain Current 
(pulsed) 


Ispu(e 
ae On Voltage Isp = 75 A Ves=0 


Reverse Recovery Isp = 75 A_ di/dt = 100 A/us 
Time 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
3 Pulse width limited by safe operating area 


an 
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N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


[are [ves | Rosen | 


HIGH CURRENT POWER MODULE 

VERY LOW Rth JUNCTION TO CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 

a» ISOLATED CASE (2500V RMS) 


ky 


ADVANCE DATA 


INDUSTRIAL APPLICATIONS: 

» DC/DC AND DC/AC CONVENTERS 
n SMPS & UPS 

» MOTOR CONTROL 

a WELDING EQUIPMENT 


TRANSPACK (TO-240A) 


INTERNAL SCHEMATIC DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


Drain-Source Voltage (Ves = 0) 500 
(*) 


Storage Temperature -55 to 150 
Insulation Withstand Voltage (AC) 2500 


(e) Pulse width limited by safe operating area 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case 
Rthc-h |Thermal Resistance Case-heatsink 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


See ee ee 


Viprypss_ |Drain-Source Ipb=1.5mMA Ves= 
Breakdown Voltage 
loss Zero Gate Voltage ee = Max Rating mA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Te = 125 °C mA 
lass Gate-Body saa ae =+20V + 600 
Current (Vps = 
ON (*) 


[Symbol [Parameter [Test Conaitions | Min. | Typ. | Max. | Unit 
[ Vesm [Gate Threshold Votage|voo=Ves lo-45ma | 2 | | «| v_ 


Tate Static Drain-Source Veas=10V In=42A 
On Resistance 


DYNAMIC 


Forward Vos > Ipion) X Ros(on)max Ip = 42A 
Transconductance 


Input Capacitance Vos=25V f=1MHz Ves=0 

Output Capacitance 2 
Reverse Transfer 1.5 
Capacitance 


~ SWITCHING 


-Smbot | Paranter [test conditions [in [tym [ex [ Uni 


Turn-on Time Vop=210 V Ip =42A 

Rise Time Re =3.32 Ves =10V 
Turn-off Delay Time 
Fall Time 


Isp Source-Drain Current 
Ispm(e) |Source-Drain Current 


(pulsed) 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
(e) Pulse width limited by safe operating area 
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N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


[TWPE | Voss | Rosen | 


HIGH CURRENT POWER MODULE 

VERY LOW Rin JUNCTION TO CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 

2 ISOLATED CASE (2500 V RMS) 


INDUSTRIAL APPLICATIONS: 
a SMPS & UPS 

» MOTOR CONTROL 

a WELDING EQUIPMENT 


TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 


4 
SC04730 
6 
ABSOLUTE MAXIMUM RATINGS 


symbol[ Parameter |S Ct 
v 
| Ib Drain Current (continuous) at Te = 25 °C 
hip. F Drain Current (continuous) at T. = 100 °C 
| Prot | Total Dissipation at Te = 25 °C 
[perating Factor SSC~—<~iSC“‘C;SNS;#C(‘*SO CWC 
Viso Insulation Withstand Voltage (AC-RMS) 


(e) Pulse width limited by safe operating area 
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THERMAL DATA 


Rth)-case | Thermal Resistance Junction-case Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Viprypss_ |Drain-Source Ipb=2mA Ves= 
Breakdown Voltage 
Ipss Zero Gate Voltage Vos = Max Rating oe uA 
Drain Current (Ves = 0) |Vps = Max Rating x 0.8 Te = 125°C mA 
lass Gate-Body Aaa Ves=+t20V + 400 
Current (Vps = 
ON (*) 


[Symbot [Parameter [Test Conditions| win. | Typ. | Max [ Unit 
[ves [Gate Threshold Votage|Voe=Vas_lo-2ma iP 2 || 4 | 


Rpsion) |Static Drain-Source Ves=10V Ip=i15A 0.2 Q. 
On Resistance 


DYNAMIC 
i en 


Ofs Forward Vps=25V Ip=15A 
Transconductance 


Ciss Input Capacitance Vops=25V f=1MHz Ves=0 = 00 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 


SWITCHING (INDUCTIVE LOAD) 


ta(on) Turn-on Time Vpp = 250 V ID=15A 
(di/dt)on |Turn-on Current Slope |Res = 50 Q Ves=10V 
td(oft) Turn-off Delay Time L= 100 uH 


te Fall Time 


SOURCE DRAIN DIODE 


Source-Drain Current 
Source-Drain Current 
(pulsed) 


— Forward On Voltage Isp = 380A Ves= 


Reverse Recovery Isp = 830A di/dt = 150 A/us 
Time 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
(e) Pulse width limited by safe operating area 
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N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


Wee | Voss Rosen [te 


HIGH CURRENT POWER MODULE 

VERY LOW Rin JUNCTION TO CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 

» ISOLATED CASE (2500V RMS) 


INDUSTRIAL APPLICATIONS: 
a SMPS & UPS 

» MOTOR CONTROL 

» WELDING EQUIPMENT 


TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 


3 2 
4 
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ABSOLUTE MAXIMUM RATINGS 


lom(*) 


| Pir _|Total Dissipation at Te = 26 °C 
Storage Temperature -55 to 150 


Insulation Withstand Voltage (AC-RMS) 2500 


(*) Pulse width limited by safe operating area 
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THERMAL DATA 


Rthj-case |Thermal Resistance Junction-case Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Vipryoss |Drain-Source Ib=2mA Ves=0 500 V 
Breakdown Voltage 
Ipss Zero Gate Voltage Vos = Max Rating 500 LA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 T. = 125 °C 2 mA 
lass Gate-Body Leakage Ves=+20V + 500 nA 
Current (Vps = 0) 
ON (*) 


Symbol | Parameter | __‘TestConditions_—_—_—‘| Min. | Typ. | Max. | Unit 
T Vesem [Gate Threshold Votage|Vos=Ves lo=2mA—=—=«;s@ || a | 


as Static Drain-Source Ves=10V Ip=17.5A 0.16 Q 
On Resistance 


DYNAMIC 
[Simo [—Paametr [Test Gonaions Twin. [yn [un [ vi 


Forward Vops=25V Ip=17.5A 
Transconductance 


Input Capacitance Vos=25V f=1MHz Ves=0 
Output Capacitance 

Reverse Transfer 

Capacitance 


SWITCHING (INDUCTIVE LOAD) 


ta(on) Turn-on Time Vop = 250 V IDp=17.5A 
(di/dt)on |Turn-on Current Slope |Res = 50 Q Ves = 10 V 
td(off) Turn-off Delay Time L=100 wH 
tf Fall Time 


SOURCE DRAIN DIODE 


Source-Drain Current 


Test Conditions 
Source-Drain Current 


(pulsed) ae 


Isp 
Isom(e) 
Forward On Voltage Isp = 35 A # £Vese= 


Reverse Recovery Isp = 35A di/dt = 150 A/us 
Time 


) Pulsed: Pulse duration = 300 ps, duty cycle 1.5 % 
% Pulse width limited by safe operating area 


2/5 
ky, SGS-THOMSO 
562 >/ | Sen eeeTanes 


SGS35MA050D1 


Safe Operating Areas Thermal Impedance 


_GC15930 C15 071 


HY 
CIE at ee iil 


1 


TH 
ans) ome 4 Sti EH 
¢ 


Kn ST KT Tl ~ sot} pitt 
Anas PATHS 771 SELL 
PSESS IZA CN Ti 


oat oe 
=a — ane ee it 
TI | rT 


2 = 
eases oe Hoo pH (i 1 
beet | Cth 


——i geese coi 


10" Fea 


et —— mnsi 
Te =25 °C Sten ieee ie 
EEA C Pr maa 


LOA TT re rH 
4 6 6 8 2 


2 2 4 Fr; 
10° 40! 10? ‘Vos (V) LO=* 


Derating Curve Output Characteristics 


GC15800 
PaMWTTTTITILLLLLLLL LLL. 
PEELE. ELLE Le 


Ip (A) 


GC15940 
Meg=v Pot ov] 


A a a a GS 6.5V | 
Deen GAN ESAEEMESEESTES ‘ fee 4s ia beee 
Ba BN a 
PEEREEEEEE EE ray Cees 
2 a a 40 ran 5.5V 
eye?) el od Pe I bed 
nt a 
BECEEENSEEEEEEEEEEEE a eee 
500 HE Te a ee pe NI IC i SES I day NE ea | | ff —— sv | 
Pe ced 
Oe SO 20 
Flt i 6 i 
S EEEEEEEEEECEEEE ‘i Pee 
Gl Pi et a a Ga SSS 
is ak GO Pee ee a 


0 50 100 150 Tease( °C) ) 4 B 12 16 Vos (V) 


Transfer Characteristics Transconductance 


GC15950 GC1596D 


ee ae Site) ee ead oT le Tale 


a a ptaise | 7 
COCCI 
Ge 


a ee a eecie mene 
a a CS OS 

Bere sea 

ae VA 
16 Hh 

— AYLI es=25v_ [7 | 
PazscteM/| | | | | | (2 RRR ERR 
BEe)/ 4a RERS Tt itt i titi 


0 2 4 6 8 Ves (V) 0 30 40 50 Ip(A) 


3/5 
haz SGS:THOMSON 
IF iicroeLecrnomes 563 


SGS35MA050D1 


Static Drain-Source On Resistance 


GC15970 


Rosen T [1111111111711 
m8) EEE EEE EEE 
aa Ann 


0 20 40 60 Ip (A) 


Capacitance Variation 


GC159390 


0 20 40 60 80 Vos (V) 


Normalized Breakdown Voltage vs 


Temperature 
GC15890 


(Eee Ee 


apa ene 
4nR En eEEm 
Go i i Fi Ln 0 a 
pe) Peat Tea] ee eM a Leal 
STE Me Tecate i eaih cll ellie lei lie Mia Mihai a Id 
6 hee le ei hela Lee eh cla is 


—50 0 50 100 T,; (°C) 
4/5 


ky 


564 


Gate Charge vs Gate-source Voltage 


GC15980 


se GL 
eee eee ee 
sell cl VIS ME ia 

A 


0) 100 200 300 400 Qg(nC) 


Normalized Gate Threshold Voltage vs 
Temperature 


GC15880 


i 8 

ABS a z 

PP RECEELELCCH Ves=Ves [7 

1 POPREEEEEETT TT ip =2ma FE 
os 

Fa eo 

Bd 8 ee i Ne 


Vos(th) 
(norm) 


Sees 


a ee 
BO 

a a 

st El a 

ec PEPE NCE 
Fe ecfeeihs Sy Raa: See 
a 


—50 0 50 100 T, (°C) 


Normalized On Resistance vs Temperature 


GC15920 


fecal es Nice a al eS aces te als sao 
2 WF Os BP a WO 
ee Seno M Stee dias eal? [at A ele 
pep Y, 
F, 


soaueae. CGREREED 


lp =17.5A 


0 50 100 ~=—*‘T, (°C) 


© 

x 

a 

x 
ce scale Ne ele] Se ils fee Ue) 
NE Pe eI STL ST Dee 
eS Mesh] NG Aft SPI I ell atl 2 
Lee eee 


—50 


SGS-THOMSON 
MICROELECTRONICS 


SGS35MA050D1 


Source-Drain Diode Forward Characteristics Gate Charge Test Circuit 


GC16000 


In AFTTTITIITIITI IIIT III 
avec eee eee eens 


oe 
© is islede| 
A a 0 
i 7, a a a 


0 0.5 1 1.5. Vsp(V) 


SC-0305 


Test Circuit For Inductive Load Switching Diode Reverse Recovery Time Waveform 
and Diode Reverse Recovery Times 


ee §C04570 


5/5 
{ = MSON 
S| | Ene es 


kw, SGS-THOMSON 
7 icrozLectRowics SGS100MA010D1 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


[PE [Wess | Rosen |e 


HIGH CURRENT POWER MODULE 

VERY LOW Rin JUNCTION TO CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 

a ISOLATED CASE (2500V RMS) 


INDUSTRIAL APPLICATIONS: 

» DC/DC & DC/AC CONVERTERS 
a SMPS & UPS 

a» MOTOR CONTROL 


(TRANSPACK) TO-240 


INTERNAL SCHEMATIC DIAGRAM 


oh 


4 
$C04730 | 6 
ABSOLUTE MAXIMUM RATINGS 


Drain-Source Voltage (Ves = 0) 
Drain-Gate Voltage (Res = 20 kQ) 
| ln | Drain Current (continuous) at Tc. = 25 °C 120 
Lier: Drain Current (continuous) at Tc. = 100 °C 


(e) Pulse width limited by safe operating area 
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THERMAL DATA 


Rithj)-case | Thermal Resistance Junction-case 


Rthc-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 
OFF 


Viprypss_ | Drain- ener Ib=2mA Ves= 
Breakdown Voltage 
loss Zero Gate Voltage Vos = Max Rating uA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Te = 125 | oh 
lass Gate-Body Leakage Ves=+20V + 400 
Current (Vps = 0) 


aan) — a ee fe 
[Yes [Gate Testa votoe|voe=Ves =@ma | 2 [| 4 |v 


aa Static Drain-Source Ves=10V Ip=50A 0.014 
On Resistance 


DYNAMIC 
| Symbol | Parameter | Test Conditions | Min. | Typ. | Max. | Unit 


Forward Vps=25V Ip=50A 
Transconductance 


Ciss Input Capacitance Vos=25V f=1MHz Ves=0 
Output Capacitance 
Reverse Transfer 


Capacitance 


SWITCHING (INDUCTIVE LOAD) 


ta(on) Turn-on Time Vpp = 50 V ID =50A 


(di/dt)on |Turn-on Current Slope j|Res=502 Ves=10V 
td(off) Turn-off Delay Time L= 100 nH 
tt Fall Time 


SOURCE DRAIN DIODE 


frm ema eters <a 


Isp Source-Drain Current 120 
400 


Isom(*) |Source-Drain Current 


(pulsed) 
Reverse Recovery Isp = 120A. di/dt = 100 A/us 
Time 


(*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5 % 
(e) Pulse width limited by safe operating area 
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N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR MODULE 


[ave | Voss | Posen | 


HIGH CURRENT POWER MODULE 

VERY LOW Rith JUNCTION TO CASE 

DUAL SOURCE CONTACTS 

VERY LARGE SOA - LARGE PEAK POWER 
CAPABILITY 

a ISOLATED CASE (2500V RMS) 


INDUSTRIAL APPLICATION: 

a DC/DC & DC/AC CONVERERS 
=» SMPS & UPS 

» MOTOR CONTROL 


TRANSPACK (TO-240) 


INTERNAL SCHEMATIC DIAGRAM 
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b, 
ABSOLUTE MAXIMUM RATINGS 


A 
Vos [Drain-Source Voltage (Vos=0) S| tOOSSSCSCSC*~“‘~*‘irCSCS 
"Ves _[Gate-Source Voltage |SSSCSCiaSSSSSCSC 
| ip Drain Current (continuous) at Tc = 25 °C as aoe 
lp | Drain Current (continuous) at Tc = 100 °C 95 

“Tow(e) [Drain Current (pulses) SS*SSSSC—iSSSSSC*dYC 
-[Perating Factor SSSS~<‘~dSC“*‘“‘*sRSSC*~‘~*~*dC 


(e) Pulse width limited by safe operating area 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 


Rthe-h Thermal Resistance Case-heatsink With Conductive 
Grease Applied 


ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 
OFF 


Viprypss_ |Drain-Source Ipb=2mA Ves=0 100 V 
Breakdown Voltage 
loss Zero Gate Voltage Vos = Max Rating 500 uA 
Drain Current (Ves = 0) | Vps = Max Rating x 0.8 Tce = 125 °C 2 mA 
lass Gate-Body Leakage Ves=+20V + 500 nA 
Current (Vps = 0) 
ON (+) 


[Symbol [Parameter [Test Conditions| win. | Typ. | Max. | Unit 
Vesey [Gate Teshold Vottage|Voo=Vas lo=2ma—SSCi; || 


Rpsion) |Static Drain-Source Veas=10V Ip=75A 0.009 Q 
On Resistance 


DYNAMIC 


Forward Vps=25V Ip=75A 
Transconductance 


Ciss Input Capacitance Vos=25V f=1MHz Ves=0 
Output Capacitance 
Reverse Transfer 

Capacitance 


SWITCHING (INDUCTIVE LOAD) 


Vpp = 50 V ID=75A 
Res = 509 Ves=10V 
L=100 pH 


Turn-on Time 
Turn-on Current Slope 
Turn-off Delay Time 

Fall Time 


td(on) 

(di/dt)on 
ta(off) 

tt 


SOURCE DRAIN DIODE 


Source-Drain Current 
Source-Drain Current 
(pulsed 


Forward On Voltage Isp = 150A Ves=0 


tr Reverse Recovery Isp = 150A di/dt = 250 A/us 
Time 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
(e) Pulse width limited by safe operating area 
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PACKAGES 


579 


PACKAGES 


ISOTOP 
Fast-on version 


sales types with the suffix F 


MECHANICAL DATA 


[mm [inches 
Prin [ max [ min. [ man 

Ts [ez | 64 [oss |oase 

Te [075 088 [0029 [ocas. 

To [ras [15.1 [osee [oso 

Te [eos [o03 [1.105 [1.108. 

Te fs | - [ossr[ - 

TH [208 [207 [0700 [oars 
Toes | en [oso [oss 

Tn [252 [254 [oeee [1000 


SiRGSNNE ETON | 195] 205 [cove [oe | 
pied Da fe [= [orl - | 


pint: Source —_— pin 2: Gate 
pin 3: Drain pin 4: Source sensings 
DARLINGTON 


pini: Emitter pin 2: Base 
pin 3: Collector pin 4: Base 2 


TRANSISTOR 
pin 1: Emitter pin 2: Base 
pin 3: Collector pin 4: Emitter sensing 
Torque: Mounting 1.3 + 0.2 N * m (max) 
Weight: Package 25.5 g 


Note: The mechanical data are the same for the 3 pin version 
(4th pin missing) 
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PACKAGES 
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MECHANICAL DATA 


PC-0301/1 


PIN CONNECTIONS 


MOSFET 

pin 1: Source pin 2: Gate 

pin 3: Drain pin 4: Source sensings 
DARLINGTON 

pin i: Emitter = pin 2: Base1 

pin 3: Collector pin 4: Base 2 
TRANSISTOR 

pin 1: Emitter pin 2: Base 

pin 3: Collector pin 4: Emitter sensing 


Torque: Terminal 1.3 + 0.2 N - m (max) 
Mounting 1.3 + 0.2 N * m (max) 


Weight: Package 29 g 
4 Screws: 7.5g 


Note: The mechanical data are the same for the 3 pin version 
(4th pin missing) 


ky Botton 


ISOTOP 
Screw version 


sales types with the suffix V 


Ts [78 | 22 [oso | osee 
To [ras [151 [05s | osco | 
me feos [eos [1.105 | 1.100. 
re [+ | - [ors] -_ 
Ti [es | 21 [oaso [ose 
TP [198 205 [0.076 | 0.60 | 
eee 


PACKAGES 


TRANSPACK (TO-240) 


MECHANICAL DATA 


[mm [inches 

Prin. [max [ min, | max 
Ta | 7e75 [2028 [3140 e160 
To [ee.06 31.00 [141 | 1.200 
re [ees [oo [rte] 181 


L 
Pc-0296 


: 
Torque: Terminal 2.2 + 0.5 N +m (max) | P| 272| 287] 0107 | 0.113 
Mounting 3.5 + 0.5 N + m (max) FR [14 | - [ossi] - | 


Weight: Package 110 g 
Accessory 219 


Note: The mechanical data are the same for the 2 power pin 
version (either pin 1 or pin 2 missing) 
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NOTES 


NOTES 


NOTES 


NOTES 


NOTES 


SALES OFFICES 


EUROPE 


DENMARK 


2730 HERLEV 

Herlev Tory, 4 

Tel (45-42) 94 85 33 
Telex 35411 

Telefax (45-42) 948694 


FINLAND 


LOHJA SF-08150 
Karjalankatu, 2 
Tel 12 155 11 
Telefax 12.155.66 


FRANCE 


94253 GENTILLY Cedex 
7 - avenue Gallieni - BP 93 
Tel (33-1) 47 40 75 75 
Telex 632570 STMHQ 
Telefax (33-1) 47 40 79 10 


67000 STRASBOURG 
20, Place des Halles 

Tel (33) 88 75 50 66 
Telex 870001F 

Telefax (33) 88 22 29 32 


ITALY 


20090 ASSAGO (Ml) 

Vle Milanofiori - Strada 4 - Palazzo A/4/A 
Tel (39-2) 89213 1 (10 linee) 

Telex 330131 - 330141 SGSAGR 
Telefax (39-2) 8250449 


40033 CASALECCHIO DI RENO (BO) 
ViaR Fucin, 12 

Tel (39-51) 591914 

Telex 512442 

Telefax (39-51) 591305 


00161 ROMA 

ViaA Torlonia, 15 

Tel (39-6) 8443341 
Telex 620653 SGSATE | 
Telefax (39-6) 8444474 


NETHERLANDS 


5652 AR EINDHOVEN 
Meerenakkerweg 1 

Tel (31-40) 550015 
Telex 51186 

Telefax (31-40) 528835 


SPAIN 


08021 BARCELONA 

Calle Platon, 6 4"" Floor, 5" Door 
Tel (34-3) 4143300-4143361 
Telefax (34-3) 2021461 


28027 MADRID 

Calle Albacete, 5 

Tel (34-1) 4051615 
Telex 27060 TCCEE 
Telefax (34-1) 4031134 


SWEDEN 
S-16421 KISTA 


Borgarfjordsgatan, 13 - Box 1094 


Tel (46-8) 7939220 
Telex 12078 THSWS 
Telefax (46-8) 7504950 


SWITZERLAND 


1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lehmann, 18/A 


Tel (41-22) 7986462 
Telex 415493 STM CH 
Telefax (41-22) 7984869 


UNITED KINGDOM and EIRE 


MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 

Tel (44-628) 890800 
Telex 847458 

Telefax (44-628) 890391 


GERMANY 


6000 FRANKFURT 
Gutleutstrabe 322 

Tel (49-69) 237492 
Telex 176997 689 
Telefax (49-69) 231957 
Teletex 6997689=STVBP 


8011 GRASBRUNN 
Bretonischer Ring 4 
Neukeferloh Technopark 
Tel. (49-89) 46006-0 
Telex 528211 

Telefax (49-89) 4605454 
Teletex 897107=STDISTR 


3000 HANNOVER 1 
Eckenerstrasse 5 

Tel (49-511) 634191 
Telex 175118418 
Teletex 5118418 csfbeh 
Telefax (49-511) 633552 


8500 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel (49-911) 59893-0 
Telex. 626243 

Telefax (49-911) 5980701 


5200 SIEGBURG 
Frankfurter Str 22a 

Tel (49-2241) 660 84-86 
Telex 889510 

Telefax (49-2241) 67584 


7000 STUTTGART 
Oberer Kirchhaldenweg 135 
Tel (49-711) 692041 
Telex 721718 

Telefax (49-711) 691408 


AMERICAS 


BRAZIL 


05413 SAO PAULO 

R Henrique Schaumann 286-CJ33 
Tel (55-11) 883-5455 

Telex (391)11-37988 "UMBR BR" 
Telefax 11-551-128-22367 


CANADA 


BRAMPTON, ONTARIO 
341 Main St North 

Tel (416) 455-0505 
Telefax 416-455-2606 


U.S.A. 


NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1000 East Bell Road 

Phoenix, AZ 85022-2699 
(1)-(602) 867-6100 


SALES COVERAGE BY STATE 


ALABAMA 
Huntsville - (205) 533-5995 


ARIZONA 
Phoenix - (602) 867-6340 


CALIFORNIA 
Santa Ana - (714) 957-6018 
San Jose - (408) 452-8585 


COLORADO 
Boulder (303) 449-9000 


ILLINOIS 
Schaumburg - (708) 517-1890 


INDIANA 
Kokomo - (817) 459-4700 


MASSACHUSETTS 
Lincoln - (617) 259-0300 


MICHIGAN 
Livonia - (313) 462-4030 


NEW JERSEY 
Voorhees - (609) 772-6222 


NEW YORK 
Poughkeepsie - (914) 454-8813 


NORTH CAROLINA 
Raleigh - (919) 787-6555 


TEXAS 
Carrollton - (214) 466-8844 


FOR RF AND MICROWAVE 
POWER TRANSISTORS CONTACT 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 


PENNSYLVANIA 
Montgomeryville - (215) 362-8500 


ASIA / PACIFIC 


AUSTRALIA 


NSW 2027 EDGECLIFF 

Suite 211, Edgecliff centre 
203-233, New South Head Road 
Tel (61-2) 327 39 22 

Telex 071 126911 TCAUS 
Telefax (61-2) 327 61 76 


CHINA 


BEWING 

Beying No 5 Semiconductor 
Device Factory 

14 Wu Lu Tong Road 

Da Shang Mau Wai 

Tel (861) 2024378 

Telex 222722 STM CH 


HONG KONG 


WANCHAI 

22nd Floor - Hopewell centre 
183 Queen's Road East 

Tel (852-5) 8615788 

Telex 60955 ESGIES HX 
Telefax (852-5) 8656589 


INDIA 


NEW DELHI 110001 
LiasonOffice 

62, Upper Ground Floor 
World Trade Centre 
Barakhamba Lane 

Tel 3715191 

Telex 031-66816 STMI IN 
Telefax 3715192 


KOREA 


SEOUL 121 

8th floor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Gu 

Tel (82-2) 553-0399 
Telex SGSKOR K29998 
Telefax (82-2) 552-1051 


SINGAPORE 


SINGAPORE 2056 

28 Ang Mo Kio - Industrial Park 2 
Tel (65) 4821411 

Telex RS 55201 ESGIES 

Telefax (65) 4820240 


TAIWAN 


TAIPEI 

12th Floor 

571, Tun Hua South Road 
Tel (886-2) 755-4111 
Telex 10310 ESGIE TW 
Telefax (886-2) 755-4008 


SALES OFFICES 


JAPAN 


TOKYO 108 

Nisseki - Takanawa Bid 4F 
2-18-10 Takanawa 
Minato-Ku 

Tel (81-3) 280-4121 
Telefax (81-3) 280-4131 


Information furnished is believed to be accurate and reliable. However, S@S-THOMSON Microelectronics assumes no responsability for the 
consequences of use of such information nor for any infringement of patents or other rights of third parties which may results from its use. No 
license ts granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifications mentioned 
in this publication are subject to change without notice. This publication supersedes and replaces all informations previously supplied. 
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